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—Some Activities and Services Open to Members— 


The Winter Conventions are usually the outstanding technical meetings of each year 
and are held in the eastern section of the country, generally in New York City. The programs consist 
chiefly of technical sessions which occupy practically all the available time of a five-day meeting, 
except one day which is set aside for inspection trips to engineering works of interest in the neighbor- 
hood of the convention city. Aside from the entertainment provided for ladies in attendance, the only 
social function is a dinner-dance held on one evening during the convention. The Winter Conventions 
have been described as the ‘‘working conventions’ of the Institute because the social and entertainment 
features are almost entirely subordinated to the consideration of technical papers. 


Presentation of Papers. An important activity of the Institute is the preparation and 
presentation of papers before meetings of the Institute. Opportunity is offered for any member to 
present a paper of general interest to engineers at an Institute meeting, or of having shorter contribu- 
tions published in the JourNAL without verbal presentation. In preparing a paper for presentation 
at a meeting the first step should be to notify the Meetings and Papers Committee about it so that 
it may be tentatively scheduled. Programs for the meetings are formulated several months in advance 
and unless it is known well in advance that a paper is forthcoming, it may be subject to many months 
delay before it can be assigned to a definite meeting program. Immediately upon notification the 
author will receive a pamphlet entitled “Suggestions to Authors” which gives in brief form instructions 
in regard to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet 
contains many helpful suggestions and its use may avoid much loss of time in making changes to meet 
Institute requirements. 


Manuscripts should be in triplicate and should be sent to Institute headquarters at least 
three months in advance of the date of the meeting for which they are intended; then are they 
submitted first to the members of the technical committee covering the subject of the paper, and if 
approved, will next go to the Meetings and Papers Committee for final disposal. After final acceptance 
the paper goes to the Editorial department for printing, which requires usually from two to three 
weeks. Advance copies are desired about ten days prior to the meeting in order to distribute the paper 
to members desiring to discuss it. Considering the routine through which all papers must pass, 
the advantage of prompt notification and early submission of manuscripts will be apparent. 


Attendance at Conventions.—Taking part in the Institute conventions is one of the 
most useful and helpful activities which membership in the Institute affords. The advantages offered 
lie in two distinct channels; technical information and personal contacts. The papers presented are 
largely upon current problems and new developments, and the educational advantages of hearing and 
taking part in the discussion of these subjects in an open forum cannot but broaden the vision and aug- 
ment the general knowledge of those who participate. Equally advantageous is the opportunity which 
conventions afford to extend professional acquaintances and to gain the inspiration which grows out of 
intimate contact with the leaders in electrical engineering. These conventions draw an attendance of 
from 1000 to 2000 people and constitute milestones in the development of the electrical art. 


Library Service.—The Engineering Societies Library is the joint property of the four 
national societies of Civil, Mining, Mechanical, and Electrical Engineers and comprises one of the most 
complete technical libraries in existence. Arrangements have been made to place the resources of 
the library at the disposal of Institute members, wherever located. Books are rented for limited 
periods, bibliographies prepared on request, copies and translations of articles furnished, etc., at 
charges which merely cover the cost of the service. The Director of the library will gladly give any 
information requested as to the scope and cost of any desired service. The library is open from 9 a. m. 
to 10 p. m. every day except holidays and during July and August, when it closes at 5 p. m. 
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A Message From the President. 


a2 %*——2 af\e: Peo 072 


Avery Merry Christmas and a Happy Wew Wear to all 


FRIENDSHIP AND GOOD WILL 


ROHESE SG HIS number of the Journal goes to the membership of the Institute with the 
ker approach of the Christmas Season and it is appropriate to emphasize the 
bys Tz element of friendship and good will always involved in our activities. On 
SK _», 75. behalf of all Institute officers, it is a happy privilege to extend to the entire 
SEE SERE membership the most cordial of holiday greetings and good wishes for a 
Merry Christmas and a Happy New Year. 


It requires little thought to realize the countless opportunities, in our common work 
for the Institute, for those who appreciate such friendship and good will. Those who value 
this feature as among the greatest of their possessions make the most of these opportunities. 
It is not easy to estimate the loss experienced by those who maintain isolation from these 
influences. In particular, Section, District, and National Meetings offer personal contact 
and opportunity for all those influences which are always felt and especially so at this 
season of the year. Based upon a common professional interest in Electrical Engineering, 
the addition of broad human sympathies applied throughout the year cements friendships 
of enduring character,—’’A man is known by his friends.’ 


The rare privilege of visiting and meeting the membership of twenty-three sections of the 
Institute during the past four months and the inspiring hope of meeting the membership 
of thirty or forty other sections and branches during the next eight months has given great 
emphasis to this thought. When these pere- 
grinations are completed, it is hoped to use 
one of these pages to record more of the result- 
ing reactions. 


Now, at this Christmas Season, let us draw 
about the blazing old time hearth of cheer and 
comfort to gather in to ourselves all that these 
days have to offer to each and every member 
of the Institute. Throw aside, at least for the 
moment, all of care or sorrow or pressing re- 
sponsibility either of professional or personal 
character in the realization of a great brother- 
hood united in a common cause even greater 
and finer than that of its purely professional 
aspect. 


May we hope that these blazing logs will 
radiate a cheerful, helpful thought and good 
wish to each member of the Institute at what- 
ever distance. 


PRADA PS. Sect 


President 
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Some Leaders 
of the A. I. E. E. 


William{B. Jackson, Rate Engineer of The New York 

Edison Company and a member of the Institute since 
1897 (Life Member), was its Manager from 1912 to 1915 
and a Vice-President from 1918 to 1919. Coincidently, 
he was a Manager and Vice-President of the American 
Society of Mechanical Engineers, 1915; also President 
of the Western Society of Engineers in 1915. His 
papers before the Institute and Western Society of 
Engineers on Advantages of Unified Electric Systems 
Covering Large Territories, and Hydraulic Developments 
as Related to Electric Installations were in early pres- 
entation of the lines along which electric and power 
development has since progressed. 
,. He was born at Kennett Square, Pennsylvania, 
June 23, 1870; and was graduated from the Pennsyl- 
vania State College in Mechanical Engineering in 1890 
with the degree of B.S., later, in consideration of his 
work in electrical construction and operation, receiving 
the degree of M. E. 

In 1894 he went with The United Electric Light & 
Power Company in New York City, but shortly there- 
after entered the Test Department of the Stanley Elec- 
tric Manufacturing Company at Pittsfield, Mass. 
He later became Assistant to Mr. C. C. Chesney, Chief 
Engineer, taking part in developing the equipment and 
designs for the first large transmission systems in 
California, undertaken by his company. In 1895 he 
was appointed his company’s engineer for the North- 
west, this service including the supervision of the con- 
struction and the starting of the 12,000-volt, two-phase 
transmission from Lowell to Grand Rapids, Mich., 
which was the first transmission of such high voltage 
east of the Rocky Mountains, and the distribution 
system. He later took temporary charge of this hydro- 
electric property, during which time he developed 
effective means for making all transmission line repairs 
while alive,—something new in the art for such high 
voltages,—to obviate the necessity of shutting down 
his Grand Rapids service for such repairs. 

After returning to the Stanley Company, he super- 
vised the installation and starting of engine generators 
on Staten Island for his company in 1897, and then 
remained with the Staten Island Electric Company as 
General Superintendent and Chief Engineer and 
Consulting Engineer of the Staten Island Electric 
Railway Company. During this period, he recon- 
structed the system for supply from a single generating 
station and changed it from single-phase 183-cycle, to 
two-phase 60-cycle operation. 

In 1899 he became General Superintendent and Chief 
Engineer of the Colorado Electric Power Company, 
transmitting energy from its steam station in Canyon 
City to Cripple Creek District for various mine and ore 
reduction operations. Here again it was not practicable 
to shut down the single transmission line, so that it was 
necessary for him to develop means for repairing his 
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22,000-volt line while alive. The mine operators 
gradually became so impressed with the reliability of the 
service and with the possibilities of electric hoists, 
(which were also new in such work), that it became 
difficult to supply the demand. Due to the novel kinds 
of service, it was necessary for him to work out 
appropriate methods of charging for them. ~ _ 

Returning from this work to the Stanley Electric 
Manufacturing Company, he again took up problems 
of plant operation and development, including a com- 
prehensive layout of hydroelectric development for the 
State of South Carolina, such as is now in progress in 
that territory. He also spent about six months in 
Kurope for his company, studying European methods, 
including the electrification of railways. 

After returning from Europe in 1903, he decided to 
form, with his brother Dugald C. Jackson, the Consult- 
ing Engineering firm of D. C. and Wm. B. Jackson. 
This firm soon opened offices in Chicago and Boston and 
was occupied with general engineering advisory work, 
design of electric plants and systems, and inventory 
and valuation of electrical properties until our country 
entered the World War, and both brothers entered the 
military service. Entering the Construction Division 
as Major in the United States Army in 1918, and taking 
charge of all operations and maintenance of electric 
lighting and power, refrigeration, buildings and grounds, 
roads, sewage and sewage disposal, water supply, 
heating, fire protection, etc., at Camp Merritt, N. J., 
the Chief embarkation camp of the Port of New York, 
Mr. W. B. Jackson later added to these the duties of 
Constructing Quartermaster. 

Upon leaving the Government Service in 1918, he 
spent several years in consulting engineering work while 
operating his farm in Massachusetts, and was.then em-_ 
ployed by John W. Lieb, Vice-President and General | 
Manager of The New York Edison Company, to work 
out engineering and rate problems. He has remained 
with that Company as Rate Engineer and in advisory 
capacity with its affiliated electric companies. He had 
general charge of the recent Inventory and Valuation of 
The New York Edison Company’s entire property. 

As Lieutenant-Colonel of the Engineer Reserve 
Corps, he has charge of matters relating to the U.S. 
Reserve Corps, Military Training Camps, and the 
Corps Area Engineer, for The New York Edison Com- 
pany and its affiliated electric companies. 

He is a member of the American Society of Mechani- 
cal Engineers, the American Society of Civil Engineers, 
the Western Society of Engineers, the Society of 
American Military Engineers, the Reserve Officers’ 
Association, the American Legion, the Academy of 
Political and Social Science, and other important 
engineering, civilian, and military organizations. Heis 
a member of the Engineer’s Club of New York, the 
University Club of White Plains, and the Pittsfield 
Country Club. He also finds much pleasure in his 
farm in the Berkshire Hills. 


A Recording Torque Indicator 


That Records the Torsional Effort of Motors 
During Acceleration 
BY G. R. ANDERSON: 


Member, A. I. E. E. 


Synopsis.—T he measurement of torque under unstable conditions 
of speed is usually extremely difficult and inaccurate when a 
dynamometer, prony brake, or similar torque measuring equipment 
is used. The device described in this paper was developed primarily 
to obtain torque measurements under unstable conditions as well as 


INTRODUCTION 


[' is a relatively simple matter to measure, with a fair 
degree of accuracy, the speed and torque of an 

induction motor for any load between no-load and 
the pull-out point of the motor if the speed is steady. 
The static torque of the motor is also easily measured, 
but between these points where the speed is usually 
unstable, it is much more difficult to obtain satisfactory 


Fig. 1—Torave Inpicator Set-uP ror MEASURING STARTING 
Torque or InpucTION Motor 


measurement. With the development of line-start 
motors, condenser motors, etc., it is becoming increas- 
ingly more important to know exactly the torque 
characteristics that the motor will develop. Dips in 
torque due to harmonics or other causes may be present 
in sufficient magnitude to seriously hinder the motor in 
accelerating its load. A device that will quickly and 
accurately record this torque should therefore find many 
uses in analyzing and improving motor characteristics. 
Such a device is described in this paper. 


DESCRIPTION OF TORSIONAL INDICATOR 


Fig. 1 illustrates the torsional indicator set up to take 
speed and torque curves on a squirrel-cage induction 


motor. The device consists of (1) a helical spring 
1. Development Engineer, Fairbanks, Morse & Co., Beloit, 
Wisconsin. 


Presented at the Great Lakes District Meeting of the A. I. E. E., 
Chicago, Ill., Dec. 2-4,1929. Printed complete herein. 


under stable conditions, and to obtain a permanent record of these 
measurements. It has been particularly successful in recording 
speed-torque curves of motors during acceleration and it can also be 
applied very effectively to other fields. 


* * * * * 


capable of transmitting the torque of the motor and 
giving an angular deflection proportional to the torque, 
and (2) an electromagnetic circuit of two elements that 
are displaced from each other by an angle equal to the 
deflection of the spring. A recording electrically- 
operated position finder is connected to the device to 
record the amount of angular deflection, which is pro- 
portional to the torque. 

The helical torsion spring is accurately finished and is 
mounted so as to eliminate any distortion due to 
centrifugal forces. The spring -is equipped with a 
damping sleeve that prevents fluctuations due to the 


3PHASE 60 CYCLES 


Fie. 2—Crrcuir Diagram or Torque INDICATOR 
natural period of vibration of the spring and elements, 
from being recorded on the chart. Full-scale deflection 
on the meter is obtained with a spring deflection of 60 
degrees. Several sizes of springs can be interchange- 
ably mounted to take care of various ranges of torque. 
The electromagnetic elements are mounted on two 
concentric cores, one of which revolves with the motor 
and the other with the load. The first element con- 
sists of a three-phase winding arranged symmetrically 
outside of the second element. This is shown dia- 
grammatically in Fig. 2. This three-phase winding is 
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excited through slip-rings from an external three-phase 
source of power. The second element contains a 
winding which is connected by another set of slip rings 
to the position finder as shown. The moving coils of 
the position finder are connected to the external source 
of power. When the first element is turned with respect 
to the second, the phase angle of the voltage generated in 
the second, is changed and this causes a deflection of the 
position indicator proportional to the torque. A tacho- 
meter generator and recording meter are used to measure 
the speed. The charts for recording both the torque and 
the speed are mounted on the same shaft in order to 
provide synchronized readings. Gear combinations in 
the tachometer generator allow different full-scale 
values of speed on the chart. It is obvious that the 
meter circuit can be so designed that the needle deflec- 
tion is closely proportional to the angular deflection in 
the electromagnetic circuit of the device, thereby 
allowing the use of standard chart paper. 


The device is similar in action to a d-c. meter 


16 aes 
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INOICATOR KEAOING 
Fig. 8—CaALiBRATION CURVE OF Torqur INDICATOR 


- —1800 Rev. per min. 
x —1200 Rev. per min. 
0 — 600 Rev. per min. 
oO — O Rey. per min. 


in that it records average values and is well 
damped. It will not record very rapid fluctuations of 
torque but it does produce fairly accurate quantitative 
measurements. 


CALIBRATION 


Calibration of the device is accomplished by placing 
it between a dynamometer and a load and recording the 
torque output of the dynamometer and the instrument 
reading. Fig. 3 is a calibration curve for a given spring 
showing the relation between actual torque and instru- 
ment reading. The plotted readings were taken over a 
wide range of speed and of torque and clearly indicate 
that centrifugal force has no serious influence on the 
accuracy of the device. While the calibration curve is 
actually slightly S-shaped, for practical purposes it 
may be considered a straight line, since the error intro- 
duced by such assumption is extremely small. 
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METHODS OF LOADING 


Since this device indicates transmitted torque and 
speed simultaneously and records these values on a 
chart, it is obvious that any suitable method of loading 
can be applied. In the case of taking speed and torque 
curves on motors during acceleration it has been found 
that a simple flywheel load is most satisfactory. Under 
these conditions, the entire torque output of the motor 
is utilized to accelerate an inertia load, neglecting 
friction, and the rate of acceleration is proportional to 
the torque transmitted at that speed. The rate of | 
acceleration can be readily determined from the speed- 
time chart. The torque indicated on the chart is the 
torque transmitted through the spring, and is equal to 
the torque developed by the motor less that required to 
accelerate its rotor. Thus the indicated torque during 
acceleration will be slightly less than that shown at 
stable speeds and will be proportional at all speeds to the 
ratio of the WR? of the flywheel and device to the 
WR? of the entire rotating mass. By calculating the 
WR? of the rotor and determining the rate of accelera- 
tion from the chart, the ratio of developed torque to 
transmitted torque can be found. It is obvious that 
this ratio will hold constant for all conditions of accelera- 
tion of a simple flywheel load. 

In practise the torque available for bringing a load 
up to speed is the developed torque less that necéssary 
to accelerate the rotor so that the indicated torque as 
produced on the chart actually represents the torque 
available at the shaft for the accelerating period as 
shown. In general it will be found that when the 
accelerating period exceeds 15 or 20 sec., the dif- 
ference between the developed torque and transmitted 
torque will be less than four or five per cent. The 
necessary time to allow for full acceleration of a motor 
should not be less than 10 or 15 sec. in order that 
the pen of the instrument may follow accurately the 
changes of torque. It has been noted also that accelerat- 
ing periods of 20 to 380 sec. usually cause such a 
small change in motor temperature that this factor can 
be neglected. 

In the following examples the instrument chart speed 
was 12 in. per min., each cross-division represent- 
ing a time of 8.75 sec. 


APPLICATIONS 


‘Fig. 4 is an example of speed and torque charts 
taken on a 5-hp., 1800-rev. per min., 60-cycle, repulsion- 
induction motor. The variations in torque at start 
due to the commutator are clearly shown as well as the 
point of operation of the short-circuiting device and 
change over from repulsion to induction torques. 
Charts of this kind were taken to show the effect of 
setting the short-circuiting device to operate at different 
speeds. 

Other charts taken on repulsion-induction motors, 
clearly show the change in shape of the repulsion torque 
curve due to change in brush setting and the lowering 
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of pull-in torque when the brushes are displaced from 
neutral by more than the proper angle. 

Fig. 5 shows records taken on a line-start squirrel- 
cage induction motor. In addition to the charts of 
torque and speed, synchronized charts that recorded 
the current and power input were also obtained with a 
constant voltage applied to the terminals of the motor. 
Several of these motors with different types of rotor 
construction were tested in order that an accurate com- 
parison of the characteristics of each type might be 
obtained. 

It was noted from the charts that each of these motors 
having a rotor winding of special shape designed to 
lower the current drawn by the motor from the line 
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Fic. 4—SprrEeD AND TORQUE CURVES OF REPULSION-INDUCTION 
Moror DURING STARTING 


0 


This is a 5-hp. 1800-rev. per min. 60-cycle, 220-volt single-phase motor 


‘during starting, had an appreciable dip in accelerating 
torque. The knowledge thus obtained of the exact 
amount of accelerating torque at all speeds should pre- 
vent misapplications of these motors. 

By means of the addition of current and wattmeter 
readings, the factors affecting the developed torque of 
the motor can be determined from tests for all speeds. 
The change in rotor resistance and reactance with 
changes in slip can be calculated and the value of 
any particular type of rotor construction for a given 
condition can thereby be determined. 

In making tests on squirrel-cage induction motors it 
was found that invariably the indicator recorded dis- 
tinct torque pulsations whenever the motor became 
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noisy. Investigation with this device also verified the 
general belief that dips in torque due to harmonics in 
squirrel-cage motors are more pronounced at low 
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Curves are shown for kw., amperes, speed, and torque of a 20-hp. 1200- 
rev. per min. three-phase 60-cycle motor 


voltage than at high voltage. A series of curves taken 
on a motor with different values of voltage applied to 
the terminals showed a damping out of harmonics as 
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the voltage was increased. It seems reasonable there- 
fore to assume that if a motor develops a satisfactory 
speed-torque characteristic on reduced voltage, it will 
show an equally satisfactory characteristic at any higher 
voltage. 

The charts shown here illustrate the speed and torque 
characteristics of motors of various types. It is quite 
apparent, however, that a recording torsional indicator 
can be used to advantage also in many other fields of 
investigation. For example, its operation can be 
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reversed and in place of recording the torque output of a 
motor it could record the torque necessary to start and 
run a given load. By so doing definite data could be 
obtained as to the load and the most economical type 
and size of motor could be applied. 
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Automatic Regulation of Synchronous Condensers 
Equipped with Superspeed Excitation 


BY L. W. THOMPSON! 


Non-member 


Synopsis.—This paper describes extensive field tests made on the 
super-high-speed excitation equipment used with the 30,000-kv-a. 
synchronous condensers at the Plymouth Meeting Substation of the 
Philadelphia Electric Company. Oscillograms and calculated 


HE speed and maximum voltage characteristic of 
T the excitation system used on. synchronous con- 

densers is of prime importance in determining the 
amount of corrective kv-a. which can be furnished by 
the condenser during a system disturbance. 

On the Conowingo Line at the Plymouth Meeting 
Substation there are installed three 30,000-kv-a. con- 
densers equipped with a supersystem of high-speed 
excitation and a method of control that is sufficiently 
novel to warrant a general description. 

To obtain the same corrective kv-a. with ordinary 
types of excitation, a much larger installation of con- 
denser capacity would be required. 

These machines are installed for the purpose of volt- 
age regulation of the system and as an aid during tran- 
sient conditions. Since other articles have described 
the synchronous condensers, no description is given 
herein. 

Excitation for the main exciter field is furnished from 
a subexciter. The subexciter itself is of standard 
design and is a straight shunt-wound machine. The 
main exciter is of very special design. It has laminated 
poles and yoke, heavy series winding (which will be 
referred to later), and an armature ceiling voltage of 
approximately 1000. Also, it is provided with two 
shunt-field windings. 

The main shunt field is directly connected to the sub- 
exciter through a simple motor-operated rheostat which 
if properly set will give in general the proper main ex- 
citer volts to produce the desired kv-a. on the con- 
denser under steady conditions of load and voltage. 
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and 


curves showing the performance of the synchronous condensers with 
this equipment are included, together with a discussion of the results 
obtained. 


At this time there will be little or no current in the 
second or regulating shunt field on which the regulator 
contacts Operate. This of course is very desirable. 

This regulating or auxiliary field itself will not pro- 
duce an exceedingly high rate of rise of the exciter volt- 
age, but can take care of ordinary conditions of load 
and voltage that may come during normal operation. 
This range of the auxiliary field itself is somewhat 
unusual as it is capable of controlling the condenser 
from approximately 20,000-kv-a. lag to 60,000-kv-a. 
lead under all steady-state conditions, and if there 
were any requirement for it even this range could be 
extended. 

The regulator is of the high-speed type equipped with 
a three-phase torque motor as the master voltage ele- 
ment, so as to provide proper response of the regulator 
on any type of disturbance. .The relay contacts of this 
regulator are connected to the auxiliary field through an 
unbalanced resistance bridge so that a reversal of the 
auxiliary field can be obtained, depending on the ratio of 
time opened to time closed of these relay contacts. 
This regulator controls the line voltage under normal 
conditions because of its ability to vary the condenser 
kv-a. through the above mentioned range. 

However, for transient conditions, resulting from line- 
to-ground, double-line-to-ground, or three-phase faults 
when the average line voltage is depressed five per cent 
or more, the main shunt field is brought into play by 
means of a second master voltage relay which operates 
a high-speed contactor, opening the regulating field 
and cutting out the resistance in series with the main 
shunt-field winding. When this resistance is cut out 
of the main field, a rate of rise of approximately 7000 
volts per sec. is obtained on the main exciter. This 
resistance is not cut-in again until the line voltage is 
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restored or until the kv-a. per condenser has reached 
approximately 60,000. 

At this time a current relay in the main condenser 
field operates at a value corresponding to this maximum 
kv-a., which again inserts the resistance in the main 
exciter field, the auxiliary field being closed simultane- 
ously with the insertion of this resistance. This transi- 
tion between the two shunt fields is very smooth and 
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does not produce fluctuations to any extent in the main 
exciter voltage, or any fluctuations in the kv-a. on the 
main unit, as the transformer action between these 
fields tends to keep the flux constant. As the main 
field tends to coilapse, it induces substantially a corre- 
sponding increase in ampere-turns in the auxiliary field 
sufficient to maintain the original flux produced by the 
main field. After this change the regulator again 
operates upon the auxiliary field either to maintain 
voltage or a maximum ky-a. 
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At a time when conditions return to normal, the regu- 
lator rapidly backs the exciter voltage down from its 
original high value to the value required to give the 
proper voltage on the system bus. This rapidity of die- 
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Fig. 3—Scuematic Diagram or SystmhM upon WHICH 
CALCULATIONS WERE BASED 


The fault F on Siegfried bus results in a decrease in positive phase 
sequence voltage at the terminals of the condensers of 30 per cent and an 
increase in positive phase sequence condenser current of 208 per cent. 

Conowingo assumed to be furnishing 150,000 ky-a. to Westmoreland 


down is due to the auxiliary shunt field at this time 
receiving a reversed voltage, which in turn accelerates 
the decay of the main exciter. This scheme of con- 
nections is shown in Fig. 1. 


DISCUSSION OF CURVES AND CALCULATIONS 


The benefit derived from superexcitation in regard to 
increased condenser capacity can best be understood by 
considering a specific example. 

The diagram of system connections is shown in Fig. 2; 
schematic diagram of system in Fig. 3. 

Consider Siegfried, Conowingo, and Westmoreland 
interconnected, Siegfried floating on the line, and 
Conowingo feeding 150,000 kv-a. to Westmoreland. 
If a two-conductor-to-ground fault occurs at F on the 
Siegfried bus and two condensers are operating at 
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Fic. 4—Grapn SHowine Rise or ConpENSER Ky-a. AFTER 
Two-Conpuctor-ro-GrounpD FAauLt 


Plymouth Meeting at 10,000 kv-a. leading, giving a 
total of 20,000 kv-a., there will be an instantaneous rise 
to 43,000 leading kv-a. from the Plymouth Meeting 
condensers at the moment of fault. 

After the fault has been applied, the condenser kv-a. 
will continue to rise as determined by the superexcita- 
tion system from the above-mentioned initial value of 
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43,000 kv-a. to approximately 150,000 kv-a. in 0.5 sec. 
This is shown graphically in Fig. 4. 

From Fig. 5 it is seen that two condensers with 
standard excitation are, at the first instant, equal in cor- 
rective effect to two condensers with superexcitation, 
but at the end of one-half second, approximately ten 
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condensers with standard excitation are required to 
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Before the fault occurs it is assumed that the con- 
denser bus voltage is being held at its proper value by 
the 20,000 kv-a. delivered by the two connected con- 
densers. In order to deliver this same initial kv-a. 
with a larger number of condensers with ordinary exci- 
tation, the excitation on each condenser would neces- 
sarily be less than that of either one of the two units 
with superexcitation. 

Referring to Fig. 5, the integrated kv-a. or kv-a. 
seconds shown, could be furnished by approximately 
five and one-half condensers with standard excitation 
at the end of 0.5 sec., but the maximum instantaneous 
kv-a. at the end of 0.5 sec. with two condensers having 
superexcitation is approximately equal to ten condens- 
ers with ordinary excitation. 


REQUIREMENTS 
It was required of the condenser that it be capable of 
operating at 10,700 kv-a. lag up to 55,000-kv-a. lead; 
also with the condenser carrying 10,000 kv-a. lead ini- 
tially, the time from the occurrence of a fault on the 
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system to reaching 55,000-kv-a. lead to be not more 
than 3014 cycles on the basis of 60-cycle time, the exciter 


give corrective effect equivalent to two condensers with voltage to be not more than 900-volts ceiling. 


superexcitation. 


These requirements meant that the voltage regulator 
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must operate over a range of from about zero volts to 
900 volts. 

This condition will be appreciated when it is remem- 
bered that the usual voltage regulator is required to 
operate over a range of from 70 to 140 volts or a range 

“of L to 2. 

In case of a short circuit on a line, it is possible for the 
voltage of one-phase to be higher than before the short 
circuit occurred and for this reason, the voltage-regula- 
tor element and the element for applying the super- 
excitation each consists of a three-phase torque 
motor. 

To insure the high-speed feature being applied inde- 
pendently of the regulating equipment used for normal 
conditions, and to have it come in with the least amount 
of time delay after the occurrence of a fault and to 
adjust the voltage at which it would be applied inde- 
pendently of other conditions, a separate torque 
motor was used for the purpose of applying the high- 
speed excitation in addition to the torque motor operat- 
ing as a normal voltage regulator. 


TESTS 


The kv-a. taken by a condenser for a given field 
current depends upon the voltage at the condenser 
terminals. It was impossible to hold constant voltage 
when suddenly increasing from 10,000 kv-a. to 55,000 
kv-a. owing to the reactance of the transformer bank, 
to the tertiary winding of which the condenser is 
connected. 

In testing, therefore, to determine the time to in- 
crease from 10,000 kv-a. to 55,000 kvy-a., the starting 
point was taken as the field current ‘to produce 10,000 
kv-a. at rated voltage 13,800 volts; and at the starting 
point, the voltage was reduced by having lagging kv-a. 
on another condenser to try to reach 18,800 volts when 
the kv-a. reached 55,000 on the condenser under 
test. 

In other words, the time is that required to build up 
the field current of the condenser, as the a-c. amperes 
depend on the condenser field flux, and tests showed 
that there was practically no time delay between field 
amperes and a-c. amperes and consequently field 
flux. 

Referring to Fig. 6, the torque motor resistance 
is the voltage across a resistance inserted in the torque 
motor circuit to reduce the voltage applied to the torque 
motor to correspond to a short circuit on the system. 

When the system voltage dropped as indicated by 
the voltage across this resistance, it will be noted that 
within a cycle, the torque motor contact closed, apply- 
ing voltage to the coil of the high-speed contactor. 

The instant when the high-speed contactor closed is 
indicated by the point when the exciter main field cur- 
rent starts to increase. 

Following the short-circuiting of the resistance in the 
exciter main field by the high-speed contactor, the field 
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current of the main exciter rapidly increases, building 
up the exciter voltage to the desired value, approxi- 
mately 900 volts, as shown in Fig. 7. After this the 
exciter voltage held practically constant because of the 
combined effect of lowering the pilot exciter voltage by 
omitting its series field and by the action of the series 
field of the main exciter. This is also shown in 
Fig. 8. 

With the adjustments used, the kv-a. of the con- 
denser built up to about 73,000, or well beyond the 
55,000 kv-a. agreed upon. 

Summarizing these tests, the time required to reach 
the required kv-a. is approximately 25 cycles on a 60- 
cycle basis, though in actual practise the required kv-a. 
would be reached much earlier because of an instan- 
taneous increase of kv-a. through a reduction in terminal 
voltage resulting from a short circuit on the line, to 
which is added the subsequent increase due to the high- 
speed excitation. Additional benefit in regard to rate 
of rise is obtained from a very heavy series field on the 
main exciter which tends to raise the exciter voltage due 
to the transient increase in the condenser field current, 
raising the exciter voltage before any of the automatic 
equipment installed for this purpose comes into play. 


ELECTRICITY APPLIED TO STRIP 
COAL MINING 


More than a thousand people traveled from Chicago, 
St. Louis and other cities to the Fidelity Mine of the 
United Electric Coal Company, near Duquoin, III., on 
November 7, to see an electric shovel said to be the 
biggest in the world, which is used for stripping the 
earth from the coal vein which is being mined. 

The shovel was designed for use with a 20-cu. yd. 
bucket, but this size was reduced to 15 cu. yd. in order 
to permit an extension of the boom. The reach of the 
dipper is sufficient to place material about 85 ft. above 
the ground. The complete shovel weighs approxi- 
mately 1650 tons. Itis operated by one man by means 
of Ward Leonard control on the conversion equipment 
supplying direct current to the motor. The 4000-volt 
alternating-current power supply drives a five-unit 
motor-generator set consisting of a 1700-hp. motor, one 
860-kw. generator, two 350-kw. generators and a 50-kw. 
exciter. 

The electrical equipment was furnished by the 
General Electric Company. A very large tipple 
designed by the Jeffrey Manufacturing Company serves 
seven railroad tracks and has a capacity of 800 tons of 
coal per hour. The tipple is operated by 48 electric 
motors ranging from 3 hp. to 150 hp. and aggregating 
approximately 1000 hp. Nearly all are three-phase, 
60-cycle machines operating on 440 volts, and with but 
few exceptions. they are standard slip-ring induction 
motors. Virtually all are operated by magnetic push- 
button control. 


Series Synchronous Condensers 


for Generation of Voltage Consumed by Line Inductance 
BY THEODORE H. MORGAN* 


Associate, A. I. E. E. 


Synopsis.—The factors determining the power-carrying capac- 
ity of a transmission system are briefly discussed in this paper. 
The principal effects obtained by the operation of synchronous 
condensers used to compensate for the system consumption of 
lagging reactive kv-a. are pointed out. This method of compensation 
is contrasted with the direct method of supplying the reactive kv-a. to the 
line in the manner in which itis consumed, t. e., by the series method. 


PRINCIPLES AND PRACTISE 


COMPLETE investigation of the transmission line 

power-limit problem shows that in the final 

analysis the limit of the amount of power which 
can be transmitted over a given system at a fixed max- 
imum voltage and load power factor is determined by 
the total series inductive reactance of the system. The 
combined inductive reactance effects of the circuit, 
from the point of generation of the internal e. m. f. in 
the alternator to the point of voltage drop due to the 
e.m.f. of the load end machinery, determine the max- 
imum amount of power that can be transmitted from the 
rotor of the generator to the rotors of the load machines. 


The inductive reactive kv-a. of the load has its in- 
fluence in limiting the maximum power which a system 
can transmit. An understanding of this principle, 
combined with the necessity of maintaining constant 
voltage at the load, has led to the practise of operating 
synchronous condensers at the load end of the line. 
These condensers may be considered as a source of 
inductive reactive kv-a. capable of compensating totally 
for load power factor, but only partially for line con- 
sumption of reactive kv-a. Such a method of com- 
pensation gives load end voltage control while in- 
creasing the system power limit. In fact, voltage 
control and reactive kv-a. compensation are inter- 
related, one action accompanying the other. The 
ultimate power limit is reached with the limit of com- 
pensation. The important fact related to synchronous 
condenser operation at the load end of the line is that 
complete compensation for line effects becomes impos- 
sible with increasing load, and the load and generator 
machinery finally fall out of step because of the inability 
of the system to transmit the load required of it. 

About a year and a half ago, in an attempt 
to test out a new practise, an installation of series 
capacitors was placed in operation on a transmis- 
sion linet Such capacitors provide a. method of 
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A plan for obtaining direct or series reactive kv-a. compensation 
by a method employing electric machinery is described. Thisincludes 
a description of a method for producing the required voltage and 
inserting it into the system. 

Some of the characteristics of operation and advantages to be 
gained by the use of the described method are given. 


* * * * * 


series inductive compensation which is direct and 
inherently automatic. They produce a voltage across 
them which is opposite in phase angle to the vol- 
tage caused by the inductive reactance of the line. 
By proper choice of the capacitor size these two vol- 
tages may be made to entirely counteract each other, 
thus compensating for the inductive effects of the 
system. The line effects are completely eliminated 
and the amount of power which it is possible to trans- 
mit is very materially increased. 

General Methods. It may be said that there are in 
general two methods by which reactive kv-a. may be 
supplied to a transmission system. First, it may be 
furnished indirectly by apparatus connected across the 
line in a manner similar to an ordinary load; or second, 
it may be added in a direct manner through apparatus 
connected in series relation to the line conductors. 
Each method gives compensating effects which are 
different in character and results obtained. 

The first method changes the phase angle of the line 
current with respect to its voltage and in this way 
produces a line drop at such an angle that the load end 
voltage is held constant at a required value which may 
be equal to that of the generator end. This is shown in 
a simple case by the vector diagram of Fig. 1, in which 
the line charging current and resistance drop are 
omitted. With increase of line current, the angle be- 
tween the generator-end voltage and the load current 
increases and the compensating reactive power sup- 
plied must increase with the load in order that the load 
voltage may be maintained. The maintenance of 
synchronism between generator and load is dependent 
entirely upon this principle when the phase angle be- 
tween load current and generator-end voltage becomes 
large. This is because the power represented by these 
two quantities considered by themselves becomes dimin- 
ishing under these conditions. 

In the second method, the compensation is obtained 
by the addition of a series voltage to the system. This 
plan does not alter the line current, but the reactive 
ky-a. is produced by the inserted voltage acting with 
this current. The compensation is direct and the 
reactive kv-a. is supplied in the same manner that it is 
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consumed. Referring to Fig. 2, #,, the voltage pro- 
duced by line inductance is counteracted by the 


voltage E., equal to it and opposite in phase angle. In 


this case the line effects have been completely com- 
pensated for, and the load end voltage becomes identi- 
cally equal in magnitude and phase to that of the gen- 
erator end. 

A NEw METHOD 


The problem at its present status would seem to 
demand that all possibilities and options should again 


Fie. 1—Vecror Di1aTRAM SHOWING COMPENSATION WITH 
SYNCHRONOUS CONDENSER 

Eg is generator end voltage 
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Eg and Ex are generator end and load end voltages 
Tr is load current 

Ey, is voltage produced by line inductance 

Ecis voltage supplied by correcting apparatus 


be,,investigated. With the belief that the direct or 
second method is preferable to the one now commonly 
used, an attempt has been made to develop a plan by 
which the desired results may be obtained by the use of 
electrical machinery. It was realized that if a voltage 
identical both in magnitude and phase to that produced 
by series capacitors be generated and applied in series 
to the circuit, effects similar in general character to 
those realized by capacitors may be obtained. The 
following system of machine operation has been 
devised for this purpose. 
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Description. The general plan of arrangement is 
shown by the wiring diagram of Fig. 3. The reactive 
ky-a. required for compensation is supplied by a 
machine similar in construction to a synchronous 
condenser, which for want of a better name will be 
called the “inductive compensating generator.’’ This 
machine is driven at synchronous speed by a syn- 
chronous motor, operated in the ordinary way from a 
bank of transformers connected across the line. 

The voltage to be supplied to the line by the driven 
machine should be proportional to the line current 
since its purpose is to compensate for a voltage caused 
by this current flowing through the line inductive 
reactance. With the iron of the magnetic circuit of 
the machine below the point of saturation, this would 
require an exciting current which is at all times pro- 
portional to the alternating current of the line. This 
immediately suggests using the line current for machine 


Transformer 


Transmission 


Inductive Compensating 
Generator 


Fie. 3—Wrrina Diacram or ARRANGEMENT or APPARATUS 


excitation purposes. This current may be passed 
through current transformers to obtain a suitable 
magnitude, then rectified with a polyphase mercury are 
or other rectifier, and passed through the field circuit of 
the machine. Special current transformers with suffi- 
cient iron in the core would produce voltage impulses 
on sudden changes of line current, thus providing rapid 
response in machine excitation. 

The requirements of frequency and magnitude hay- 
ing been met, there is the question of maintenance of 
proper phase relation for the compensating voltage. 
Due to its inherent characteristic, the driving synechron- 
ous motor would hold the rotor of the inductive 
compensating generator to an approximately constant 
phase position with respect to the line voltage. If it 
were possible to maintain constant power factor on the 
line, this is all that would be required, once the original 
setting of the angle between the two rotors had been 
correctly adjusted. However, since there is a pos- 
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sibility ot change of line power factor angle with change 
of load, it would seem that provision should be made to 
meet this contingency. The machine should normally 
operate with the voltage which it produces in leading 
quadrature relation to the current through it. By 
arranging the stator of either the driving motor or the 
inductive compensating generator so that it can be 
moved in such a way as to alter the relative phase angle 
between their armature windings, the required condition 
can be maintained. The real power output will always 
be zero and the stator position could be automatically 
controlled to produce this condition for all phase 
positions of the line current. 

In cases where compensation is to be made on re- 
latively low-voltage lines, the separate phase windings 
of the machine could be connected directly in series 
with the line wires. When used on high-voltage lines 
transformers would be necessary. These transformers 
would have their high-voltage windings placed in series 
with the transmission line wires and low-voltage wind- 
ings connected to the machine phases. Such transform- 
ers would perform both series and potential duty and in 
addition, insulate the machine from the line voltage. 
They would act as series or current transformers in per- 
mitting passage of line current, the ampere-turns of 
both windings being equal. In stepping-up and intro- 
ducing the machine voltage into the line they would 
be doing potential transformer duty. 

With the inductive compensating generator being 
driven so that its generated e. m. f. is in leading quad- 
rature to the current in its windings, there will be no 
torque or power developed by the machine. However, 
it will be operating in a condition of unstable equi- 
librium. By this is meant that on any relative 
displacement of the rotor and stator from the required 
position, a torque will be produced which will tend to 
still further increase the displacement. This torque 
will increase with the amount of the displacement up to 
the 90 electrical degree angle in either direction. The 
position of 180 electrical degrees from the required 
operating position is the stable one, and the rotor would 
seek this position if allowed to do so. In order to main- 
tain the desired operation it is necessary that the driv- 
ing motor be designed to produce more torque fox small 
angles of displacement than that produced by the 
driven machine. Under normal operation the load on 
the driving motor would be very small as it would only 
be required to supply the rotation losses of the compen- 
sating machine. Thus for the driving machine, there 
would be required a relatively small motor with special 
characteristics. 


Characteristics and Advantages. When this plan of 
compensation is applied to very long lines it might be 
desirable to insert a number of compensating units at 
intervals along the line, so that the supplied voltage 
would not be excessive at any single unit. This would 
also aid in keeping the line voltage more uniform 
_ throughout the entire length. For all cases of complete 
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compensation, irrespective of the number or location 
of the units, the total reactive kv-a. supplied would be 
equal to the inductive reactive kv-a. consumed by the 
line if the line charging kv-a. be neglected. Also 
complete compensation by compounding the line 
inductance voltage would eliminate, in every case, its 
detrimental effects on voltage regulation and power- 
carrying capacity, leaving only the factor of line 
resistance. 

The one operating benefit derived from line in- 
ductance is its effectiveness in limiting short-circuit 
currents. If the compensation were sufficiently com- 
plete to counteract all inductance effects of the line and 
transformers over the range of all possible currents, the 
short-circuit currents would be excessively high. The 
machine system of compensation, however, has the - 
decided advantage that the magnetic circuit of the 
machine becomes saturated at certain currents and that 
its compensating ability is thus limited. As a result of 
this characteristic of the machine, it is possible to ob- 
tain full compensation up to a critical current, after 
which any appreciable increase in compensation be- 
comes impossible. The effect desired is obtained by 
the inherent characteristic of the machine without any 
supplementary control. In this respect, compensation 
by machinery is far superior to that obtained with a 
series capacitor, which must be short-circuited on heavy 
currents with the resulting system disturbance upon its 
subsequent return to the circuit. With machine com- 
pensation, on the disappearance of the heavy line cur- 
rent, normal operation is restored by smooth action as 
the excitation on the machine is reduced. 

In other respects it would seem that all the advan- 
tages claimed for series capacitor operation would 
apply to this method. 

The inductive compensating generator is connec- 
ted to the circuit in such a way that it will not supply its 
storage of rotational energy to a short circuit in the 
manner in which a synchronous condenser operates 
under such conditions. 

CONCLUSION 


The above described system of inductance compen- 
sation has been devised with the hope that it may in 
some small way point toward the solution of a vital 
problem in power transmission. No claim is made 
that the general plan is finally or completely worked 
out in all its details. On the basis of conformity to 
present practise, it will have no advocates. Because of 
its departure from methods now employed, many mat- 
ters realized only through operating experience are as 
yet undetermined. However, granted that the general 
plan is fundamentally sound, its success must be in- 
separably linked with the ability to maintain complete, 
dependable, automatic machine control. In this regard 
it may be said that the rapid advance which is being 
made in the art of electrical controls is positive proof 
that this phase of the problem can be satisfactorily 
solved when the demand arises. 
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The Future of Higher Steam Pressures 


in Steam Electric Generating Stations 
BY IRVING E. MOULTROP: 


Fellow, A. I, E. E. 


Synopsis.—Construction and operating experience has shown 
that a large part of the theoretically possible gains in efficiency due 
to higher steam pressures has been obtained in practise. 

Witat are the future possibilities of higher pressures? 

The biggest problem before station designers today is to reduce the 
cost of construction per unit of capacity. Some engineers have sug- 
gested that we should build cheaper and less economical stations. 
This is an unsatisfactory answer to the problem. The proper 
answer is to maintain the high standards of efficiency that have been 
established and reduce the cost of construction by intensive study 
and better design. Better engineering in the future is the answer to 
the problem. 


By the use of large turbine generator units and large steam generat- 
ing units, the unit cost of construction can be reduced materially. 
The present practise of installing several boilers to serve one turbine 
generator wncreases the cost of construction. The use of large steam 
generating and turbine generator units will reduce the wnit cost of 
high-pressure stations more than it will reduce the unit cost of normal 
pressure stations. 

If the steam generating units match the turbine generator wnits in 
capacity, we can design for unit construction. This unit construc- 
tion will not only reduce the cost of construction but will also sim- 


plify operation. 
* * * * * 


development in the use of higher steam pres- 

sures in steam electric generating stations. 
The plants in service and under construction have been 
discussed at length in the technical press, and it would 
be useless to endeavor to present to you a detailed pic- 
ture of what has been accomplished. It is sufficient to 
say that a large part of the theoretically possible gain 
in efficiency has been obtained in practise, and there is 
every reason to believe that we will, in the near future, 
obtain as near the theoretical efficiencies possible as we 
have in stations designed for more moderate operating 
pressures. 

It would appear to be of more use to attempt to take 
stock and discuss the future possibilities of higher 
pressures. 

In meeting our every-day problems, we are prone to 
see only the immediate job before us and to lose sight of 
the broad economic problem with which we are dealing. 
It is becoming more and more necessary to keep 
the broad problem before us continually and to so con- 
duct our every-day work that it will fit into the larger 
picture to the best advantage. 

A résumé of the accomplishments of the past is 
helpful only in focusing our attention on the possibili- 
ties of the future. The work done so far in raising the 


Mice has been written about the present state of 
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operating steam pressure has produced results that are 
very satisfactory. They are satisfying principally, how- 
ever, because they indicate that we have made progress 
and lead us to believe that we will continue to do so 
in the future. 

Looking back at the development of the steam elec- 
tric generating station since Mr. Edison started the 
Pear] Street Station in New York City, what can we 
learn of particular moment to guide us in the design of 
new stations? 

Many things have been accomplished and the best of 
these should be incorporated in the new installations 
that we are about to make. 

Many costly mistakes have been made and these 
should not be repeated, for while it is excusable to err, 
to repeat an engineering error is an economic waste. 


Let us select for discussion a few salient points 
of a general nature, and let us confine ourselves to 
those points that need to be kept constantly before us 
in our new designs. 

First and foremost, we find that in the past we have 
so designed our stations that the fixed charges on the 
eost of construction are several times the combined 
cost of fuel, maintenance, and operating labor. It is 
therefore apparent that by attention to this fact we can 
make the largest saving in the cost of generating elec- 
trical energy. This problem undoubtedly takes prece- 
dence over all others before the industry today. What 
is the answer? 
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Some engineers have gone so far as to recommend that 
we forget our efforts for higher thermal efficiencies and 
build cheaper and less economical generating stations. 
That is not a satisfactory answer. It is not right that 
we should cast aside the accomplishments of the past, 
for the facts of the case prove that those accomplish- 
ments have resulted in reducing the cost of supplying 
electric service. 

What we should do is to maintain the higher effi- 
ciencies that have been obtained and at the same time 
reduce the cost of construction by more intensive study 
and better design. f 

Better engineering in the future is the answer to our 
problem. 

We are doing better engineering today than in the 
past because of the accumulated engineering data avail- 
able and because of the extensive research work of the 
past few years. Better engineering will result in more 
economical designs, more economical use of the ma- 
terials of construction, more economical production, 
greater simplicity and ease of operation, and probably 
higher thermal efficiencies. 

As a matter of fact, we are fortunately trapped by 
circumstances for our own good. We cannot afford to 
build stations today of the same design as those built a 
few years ago. A careful study will show that if our 
fuel cost us nothing we could not afford to build stations 
with as low thermal efficiencies as were built ten or 
fifteen years ago. No! The answer to the problem is 
not to take a backward step but to go forward. By 
better design we can maintain the high standards of 
efficiency and at the same time reduce the cost of 
construction and the fixed charge item in the cost of 
supplying electric service to our customers. 

As electrical systems have grown in size, the capacity 
of the prime movers and generators has grown likewise. 
The use of larger turbine generator units, when intelli- 
gently used, has reduced the unit cost of generating 
stations irrespective of the operating pressure. How- 
ever, it appears from the facts available at this time 
that the use of large turbine generator units favors the 
higher pressure stations more than it does those de- 
signed for more moderate pressures. Today a 50,000- 
kw. unit for 1200-lb. pressure costs somewhat more than 
one designed for 350-lb. pressure, but a 125,000-kw. 
unit costs about the same whether designed for 1200- or 
350-lb. pressure. 

It would therefore appear advisable in high pressure 
stations to install as large-sized turbine generator units as 
practical from the operating standpoint. The recent 
designs of turbines that give practically the same 
economy over wide ranges of load have made it ad- 
visable today to use larger units than would have been 
advisable a few years ago for the same system load 
conditions. 

Interconnections of electric systems also permit the 
installation of larger turbine generator units than would 
be advisable without interconnections. This factor 
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should not be lost sight of if the fullest advantages are 
to be obtained by interconnections. 

In the past, the size of our steam generating units 
in our stations has always lagged behind the size of our 
turbine generator units. From three to five boilers are 
often installed to serve one turbine generator with a 
resultant large increase in the unit cost of our boiler 
plants when compared with a design in which the steam 
generating unit matches the sizeof the turbine generator 
unit. 

There seems to be no basic reason why the steam 
generating units should not match the turbine generator 
units in reliability. Already steam generating units 
have been operated with availability factors in excess 
of 90 per cent. If this performance can be matched 
consistently, there seems to be no reason why one steam 
generating unit should not supply all of the steam for 
operating one turbine generator unit. We can then 
have unit construction, one boiler feed pump, one 
boiler, one turbine, one condenser, one circulating water 
pump, and one auxiliary power supply. A reasonable 
number of cross-connections will insure continuity of 
service and will reduce the unit cost of spare equipment. 

It is also true that this better balance between the 
size of steam generating units and turbine generator 
units is desirable irrespective of the operating pressure 
employed, but the accomplishment of the proper bal- 
ance will make a greater reduction in the unit cost of the 
high pressure stations because of the higher unit cost of 
high pressure boiler plant equipment. 

The argument of “the larger the unit, the lower the 
unit cost” carries throughout the station, forit applies to 
station structures, piping, and auxiliaries. It likewise 
applies to transmission lines, substations, and distribu- 
tion systems right up to the customer’s meters. The 
basic reason for this is the fact that the larger units 
permit the most economical use of the materials of con- 
struction, labor, and supervision. 

Construction experience has very definitely shown 
that the size of the unit has a great deal to do with the 
comparative cost between high-pressure and moderate 
pressure installations. Undoubtedly a 5000- kw. 1200- 
lb. installation would cost more per kilowatt than one 
for 350 Ib., while for much larger units there appears to 
be little if any difference in unit cost. This is un- 
doubtedly the reason why comparative studies for 
small plants for industrials usually show that the 
normal pressure installation is the cheaper, all factors 
considered. 

The recent A. S. M. E. Steam Table Research Com- 
mittee’s publication of the Total Heat Entropy Dia- 
gram extended to 3500 lb. per sq. in. and 1000 deg. 
fahr. total steam temperature has very clearly pointed 
out that for every steam temperature there is a theoreti- 
cally economical pressure. The higher the tempera- 
ture, the higher the economical pressure. For a 
temperature of 750 deg. fahr. and the regenerative 
reheat cycle, the economical pressure is in the neighbor- 
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hood of 1400 lb. per sq. in. In other words, the steam 
temperature is in reality the governing factor. 


Already the Detroit Edison Company has decided to 
lead the way in an attempt to raise the operating steam 
temperature to 1000 deg. fahr. They have purchased 
a turbine generator to operate with steam at moderate 
pressure at this temperature for their new Delray 
Station. 


As the difficulties with the higher temperatures are 
worked out, the higher temperatures will be combined 
with higher pressures and there is a possibility that we 
will be faced with the necessity of raising operating 
pressures even higher than 1400 lb. 

The development of equipment suitable for utilizing 
steam at 1000 deg. fahr. will result in justifying the use of 
higher pressures without reheat, and who can say that 
with reheat 3200 lb. per sq. in. will not be justified? 

If the time comes when pressures considerably in 
excess of 1400 lb. are justified, we must depart radically 
from our present designs of boilers. We must abandon 
thermal circulation in boilers and water-cooled furnace 
walls and adopt forced circulation. Just because we 
cannot at once reconcile our minds to such a radical 
departure in design is no reason for our feeling that 
there is nothing in the idea before it has been given a 
thorough trial. Some European engineers believe that 
forced circulation is advisable for pressures as low as 
1500 lb. 


The European trend is distinctly toward higher steam 
temperatures at moderate pressures because the engi- 
neers over there believe that the unit cost of high pressure 
equipment is too great to be justified by the fuel savings 
to be obtained byitsuse. Ontheother hand, in America 
the trend is just the other way; 7. e., higher pressures at 
moderate temperatures. It is the opinion of American 
engineers that higher temperatures call for the use of 
alloy steels and the proper alloys are not available today 
at prices that make their use profitable. 


There is no doubt that many engineers on both sides 
of the Atlantic Ocean are fully alive to the proper rela- 
tion between pressures and temperatures, and you can 
find many instances where certain companies are going 
far ahead of the general trend. Two noteworthy 
examples of this are the Detroit Edison Company’s 
purchase of 1000 deg. fahr. equipment, and the recent 
purchase of a 300,000 lb. per hr., 3200 lb. per sq. in. 
Benson boiler for the Langerbrugge Station in Belgium. 

We have been told on many occasions that the laws of 
diminishing returns will preclude going much higher in 
pressures or temperatures, and yet both in America 
and Europe engineers are going ahead and accomplish- 
ing results with higher pressures and temperatures that 
may force a revision or a reinterpretation of that law of 
diminishing returns. It is indeed very dangerous to 
draw definite conclusions from trends; it is wiser to 
watch the accomplishments of the pioneers. 

The experience thus far gained in the construction and 
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operation of high pressure and high temperature sta- 
tions has very clearly shown that the design and opera- 
tion calls for engineering talent of the highest type. 
Designs and construction details must be worked out 
with the greatest care or otherwise the cost of construc- 
tion will increase to a point where the fixed charges will 
offset the savings in fuel. On the other hand, if the 
proper skill is exercised there does not appear to be any 
additional capital burden and the greater economy pays 
a handsome dividend on the effort expended. The 
argument that greater skill is required is no valid reason 
for refraining from using the most economical equip- 
ment any more than a merchant should refuse to enlarge 
his business for fear that the larger and more profit- 
able business will require more careful planning and 
attention. 

Construction experience has shown also that high- 
pressure stations need not be confined to base load 
operation. Since they can be built for practically the 
same unit cost as low-pressure stations, they impose no 
additional capital burden and can be justified for supply- 
ing the normal load of the system. This fact will 
undoubtedly greatly increase the use of higher pres- 
sures in the future because it is seldom practical to 
operate a generating station as a base load station 
for a long period of years. 

Just as the hand-fired grate for large boilers has 
passed into the discard with the development of effi- 
cient automatic fuel burning equipment, so have “rule 
of thumb” design, construction and operating prac- 
tises passed on. Brains instead of brawn rule today. 


SEEK FOG-PENETRATING LIGHT 


There has been a great deal of talk about the fog- 
penetrating power of the light produced by means of 
certain lamps, but according to impartial experts on 
the subject such a source of light is not yet. 

Speaking on the subject before the Chicago Section 
of the Society of Automotive Engineers, R. E. Carlson, 
of the Westinghouse Lamp Co., said: 

“IT wish we knew how to design lamps for use in fog. 
From time to time, particularly in aviation work, one 
hears about certain wave-lengths of light being more 
suitable for fog penetration. I have in mind some 
tests that were well controlled and well conducted by 
the Bureau of Standards in Massachusetts last year. 
Those tests showed that, for fog penetration, the differ- 
ence between a tungsten-filament incandescent lamp 
and a neon lamp is not great enough to measure within 
close limits. 

“From my own experience, I think the less light one 
has in a fog the better, because the back glare impairs 
visibility. On the Pacific Coast, up in Oregon and that 
region, what are known as ‘fog lights’ are mounted low 
so that they reduce, as much as possible, the reflection 
and back glare. We have no solution for that problem 
yet; I wish we had.” 


Electrochemistry and Electrometallurgy 


ANNUAL REPORT OF COMMITTEE ON ELECTROCHEMISTRY AND 
ELECTROMETALLURGY* 


To the Board of Directors: 


The Committee on Electrochemistry and Electro- 
metallurgy submits the following report covering some 
of the outstanding matters of interest within the field 
of the committee. Such a review can never claim to be 
complete. The past year has brought several items 
of unusual interest. As an innovation in the report of 
the committee, for the present year somewhat more 
details are given about certain materials and their pro- 
duction, including the features likely to be of interest to 
electrical engineers. For this reason, the number of 
items covered in the report is somewhat less than in the 
reports for the several years preceding. 


D-c. SUPPLY FOR ELECTROLYTIC USES 


Approximately 200,000-kw. capacity in d-c. ma- 
chinery is now purchased yearly by growing electro- 
lytic industries throughout the world. Electrolytic 
processes are essentially d-c. processes requiring 
large current at relatively low voltage per unit. The 
problem of a suitable and economical source of power, 
therefore, is of importance, and one requiring careful 
study to determine the best conditions in any 
particular case. The generation of direct current may 
have some advantages as to cost and maintenance, if 
the electrolytic plant is not far removed from the source 
of power, and if exhaust or bled steam can be used to 
advantage in process work. Such a source of supply, 
however, is limited in its application and does not per- 
mit of interconnection to other sources of power. When 
power is purchased, the problem of converting it from 
alternating current to direct current usually arises. 
Synchronous converters and motor-generator sets both 
find use for this purpose. Possibly, large mercury rec- 
tifiers also may find extended use in the future. In 
several papers which have recently appeared, it has been 
pointed out that the proper choice inany particular case 
must depend, (1) upon voltage and other characteristics 
of the transmission line; (2) the range of voltage, the 
current, and other characteristics of the electrolytic 
circuit; and (8) the efficiency under particular operating 
conditions; and (4) the initial investment and interest 
charges. It frequently happens that materials pro- 
duced by electrochemical means are more costly than 
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similar materials produced without the expenditure of 
electrical energy; and yet the electrochemical processes 
are justified by the higher quality of material or by 
unusual physical or chemical properties. The problem 
is therefore a complex one which will have much to do 
with the success or failure of electrolytic production, be- 
cause the power costs are usually a considerable fraction 
of the total cost per unit of the material. 


CHROMIUM PLATING 


Chromium plating which was first accomplished 70 
years ago has undergone a sensational development in 
the electroplating field within the past three years. It is 
only recently that the mechanism of the processes has 
become sufficiently well understood to make possible 
its commercial application. From the various uses 
proposed for chromium plating, it is becoming apparent 
what may reasonably be expected. 

Scratch tests on thin films of chromium indicate that 
the hardest chromium is harder than any other metals 
or alloys previously tested; its ductility is almost zero; 
its expansivity is about the same as for glass or plati- 
num; it resists tarnish to a remarkable degree. The 
reflecting power of chromium is 65 per cent as com- 
pared with silver 95 per cent. Its electrical conduc- 
tivity is about that of aluminum. 

As a protective coating, thin films are desirable. For 
some purposes 0.09002- to 0.09004-in. are used over a 
preliminary coat of copper or nickel. Thicker deposits 
may tend to crack. Chromium deposits are made 
from a chromic acid bath to which a sulphate has been 
added. The anodes are of iron or lead. The condi- 
tions for making satisfactory deposits are rather critical 
as to temperature and current density, the latter rang- 
ing from 100 to 800 amperes per sq. ft. From the 
standpoint of the electrical engineer, the large amount 
of energy required is of interest. The voltage across the 
tank ranges from 6 to 12 volts. The current must be 
large and since the valence is 6 and the efficiency of the 
process low, the amount of metal deposited per coulomb 
is very small. It has been estimated that chromium 
plating requires 15 times the electrical energy used for 
nickel plating in equivalent amounts. However, in the 
case of chromium but little metal isneeded. The proc- 
ess brings with it hazards that require carefully designed 
ventilating systems to protect the workers. In spite of 
difficulties which may seem numerous, the desirable 
properties of chromium as a protective coating, its 
resistance to wear, its hardness, and its pleasing ap- 
pearance have brought it into use in many industries. 
Some of the applications which have been made of it 
have not been successful; as, for example, in stamping 
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dies. The chromium is brittle and flakes off. In the 
popular, mind chromium is associated with automobile 
and plumbing fixtures, but in a less conspicuous way, 
chromium plating has proved its worth by prolonging 
the life of gages, tapes, measuring devices, forming dies, 
spinning tools, and printing plates. 

An important development during 1928 was the 
installation of several completely automatic equip- 
ments for chromium plating. The electroplating indus- 
try has learned the value of chemical control and now 
it is adding automatic electrical control of current 
density and control of temperature. 


ELECTROPLATING OF VARIOUS METALS 


In other fields of electroplating, new finishes have 
been developed. Cadmium plating, which can be 
easily done on any commercial metal, promises valuable 
service as a preventative of rust, but it is handicapped 
by the high price of metal. A process has long been 
sought for electroplating aluminum on other metals. 
A step in this direction has been made in the experi- 
mental work of depositing aluminum on other metals 
from organic solutions. New developments are taking 
place in the electrodeposition of alloys. Whereas in 
the past this has been confined chiefly to brass and 
bronze, today there are a dozen different alloys that 
may be deposited from aqueous solutions. Nickel- 
plating continues to increase in spite of the threatened 
competition of chromium plating. Actually, the latter 
needs an underlying layer of nickel, and so it has been 
said that chromium plating has actually stimulated the 
demand for nickel. The trend in nickel plating is to- 
wards the use of very pure anodes containing not less 
than 99 per cent of nickel. 


HYDROGEN FOR INDUSTRIAL USES 


Industrial uses for hydrogen are rapidly increasing. 
The electrolytic process is particularly well adapted to 
the production of hydrogen of a high degree of purity. 
It is of more than passing interest that a large research 
laboratory is provided with pure hydrogen piped to the 
various rooms and consuming in the experimental work 
more than 2,000,000 cu. ft. of hydrogen per month. 
In the fat-hardening industries the demand for 
pure hydrogen is increasing and larger electrolytic 
cell units insome cases amounting to 4 to 5 times the 
capacity of present installations are being sought. 
More electrolytic hydrogen is likewise being used in the 
synthesis of liquid ammonia, the production of which in 
1928 was so large that it became the cheapest alkali per 
unit. It has been found that liquid ammonia is a very 
convenient form for transporting hydrogen. Of par- 
ticular interest to electrical engineers is the use of hydro- 
genasacooling agent. It naturally diffuses faster than 
other gases and has a high thermal conductivity so that 
it can be used to advantage where it is important to 
remove heat rapidly. High-speed motors and genera- 
tors are being operated in hydrogen gas in development 
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tests and a commercial application of hydrogen cooling 
has recently been made in the case of a large synchro- 
nous condenser which istotally enclosed. The capacity of 
this condenser with hydrogen cooling is said to be 12,500 
kv-a., as compared with 10,000 kv-a. if air-cooled. The 
use of hydrogen for such a purpose is beneficial in other 
ways, since oxygen and dirt are excluded and the effect 
of corona on the insulation eliminated. Asa safeguard, 
the pressure of hydrogen is maintained above atmos- 
pheric pressure and the purity of the gas is continu- 
ously recorded. An alarm is sounded if the purity 
falls below 91 per cent. 


COPPER 


The change in the copper situation during 1928 was 
sensational. A sluggish market which had persisted 
for years with comparatively little prospect of marked 
advancement was transforined by the increasing de- 
mand for this metal. Existing stocks were reduced 
and outlets for even the high-cost copper provided. 
Copper as a product of electrochemical industry and as 
a basic material of electrical construction has a double 
interest for the electrical engineer. Part of the in- 
creased use of copper may be attributed to systematic 
efforts of a research association to extend its uses and 
part may be attributed to the growth of electrical 
industry, which is said to consume in one form or 
another, more than one-half of the total supply. It has 
been estimated that the mines of the United States will 
produce over a million tons during the present year and 
most of this will be used within this country. 


ELECTROLYTIC ZINC 


A large plant has recently been installed in Idaho for 
the production of electrolytic zine by the “Tainton- 
Pring” process. Good deposits of very pure zine are 
obtained from the strongly acid solutions. The 
cathodic current density is about 100 amperes per 
sq. ft. and the voltage per cell, about 31% volts. 
The nominal capacity of the plant is 50 tons of zine per 
day, with provision for trebling this output. Direct 
current of 16,000 amperes at 500 volts is supplied by 
two synchronous motor-driven generator units. The 
electrolytic cells are arranged in two groups of 150 cells, 
connected in series. Each cell contains 20 aluminum 
cathodes faced by anodes of a lead alloy. By ground- 
ing the midpoint of the circuit, the maximum voltage to 
ground is reduced to 250 volts. The purified zinc sul- 
phate solution is circulated to the cells until 90 per cent 
of the zine has been extracted when the solution con- 
tains about 28 per cent acid. The deposition process 
is a continuous one with periodic changes of the electro- 
lyte. The current efficiency of the electrolytic process 
averages about 85 per cent. The zinc obtained by this 
process is of high purity and soft. 


NICKEL 


Improved smelting and refining methods have re- 
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sulted in improving the purity of commercial grades of 
nickel. Electrolytic nickel, averaging 99.90 per cent or 
better, is the highest grade produced on a commercial 
scale. This is especially suited to the production of 
alloys containing high percentages of nickel. It is 
available as “electro-squares” in a variety of conve- 
nient sizes. The ferro-nickel alloys containing large 
percentages of nickel are finding increased use in radio 
transformer cores because of their extraordinary 
permeability. 


ALUMINUM 


Figures have been published to show that the world’s 
production of aluminum has grown from 24,000 tons in 
1908, to 214,000 tons in 1927. Aluminum is typically 
an electrochemical product. At present two great 
outlets for aluminum and its alloys are in the manu- 
facture of automobiles and aircraft. It is said that 
more than 30,000,000 aluminum pistons were made in 
1928. Aluminum cylinder heads are beginning to ap- 
pear. Aluminum alloy frames for motor coaches are 
decreasing the non-profitable load of these bulky ma- 
chines. Aluminum crank cases and housings are 
already familiar. Light and strong alloys are neces- 
sary for airplane construction. The strength of a 
variety of these alloys is now very well known. The 
fire hazard in the airplane has been reduced and 
quantity production as in the case of automobiles has 
become possible. A new material called “alclad” 
which combines the strength of duralumin and the re- 
sistance to corrosion of pure aluminum seems destined 
to become important in many fields. Aluminum -which 
at one time was considered a material chiefly for cook- 
ing utensils, has thus found a wider field. Aluminum 
cooking utensils continue to increase, but as an outlet 
for this metal, this application is overshadowed by the 
newer uses in airplanes, automobiles, trucks, railway 
ears, furniture, roofing, decorative castings, and foil 
which competes with tin. 


ELECTRIC FURNACES 


In the electric furnace industry there has been a de- 
cided increase in the use of the high-frequency furnace. 
These furnaces, using a motor-generator type of equip- 
ment, have entered the field of silver melting, and it is 
reported that 3.76 kilograms per kw-hr. can be 
melted with this form of equipment as compared with 
2.9 kilograms per kw-hr. for the earlier type 
operated by an oscillator. The high-frequency furnace 
is well established in the non-ferrous field, and it seems 
likely that it will find use in the steel foundry as a con- 
venient means of holding the heat. A large number of 
electric furnaces, mostly of the resistor type, has been 
installed for the nitriding processes for steel. A very 
hard surface is obtained similar to that produced by 
case hardening but superior in some respects. 


Ceramic engineers have accomplished much after 
years of experimentation and many failures, and have 
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succeeded in introducing the electric furnace into glass 
and porcelain industries. 

In the carbide industries, the desire to increase the 
unit by increasing the ampere input at 100 to 200 volts 
has met with difficulties and the electric furnace engi- 
neer is confronted with the problem of how to overcome 
these limits of design without increasing voltage. At 
25 to 60 cycles, the present electrical equipment will not 
permit of commercial operation beyond 3000 amperes 
per furnace unit. : 

A number of electric furnace installations has 
been recorded in different parts of the world for the 
production of phosphoric acid and potassium phos- 
phate. There is every indication at the present time 
that the electric furnace will eventually displace the 
sulphuric acid process in the manufacture of phos- 
phoric acid. A noteworthy event has been commer- 
cialization of the electric furnace for smelting zine from 
its ore. At one plant a furnace turning out 50 tons of 
pure spelter per day has been reported. 

The largest peace-time electrolytic alkali-chlorine 
plant has been put in operation in the vicinity of 
Charleston, West Virginia. This locality is rapidly 
becoming a center of electrochemical industry. 


BATTERIES 


In the battery field, the production of batteries for 
automobiles has continued to increase, the number 
produced yearly being variously estimated from 11 to 
15 millions. Since the standard specifications were 
adopted for them several years ago the quality of dry 
cells has increased and a proposal to materially increase 
the minimum requirements for the various sizes and 
kinds is now before the Sectional Committee on Dry 
Cells. The dry-cell industry has felt the inroads 
of the a-c. radio sets, but it is likely that a large 
number of battery sets will continue to be _ used. 
In the field of small rectifiers, the most important 
development has been the copper-copper oxide type 
which has displaced many of the electrolytic types. 


ELECTROCHEMICAL RESEARCH 


Interesting results are being obtained in the study of 
the nature of conduction found in dielectrics and par- 
ticularly in insulating oils. This field of research re- 
quires a knowledge of both electrical and chemical 
processes. Relationships have been found between the 
variation of conductivity with time, the accumulation 
of space charges, and the final dissymmetry of the po- 
tential gradient. 

A new material of extreme hardness for machine 
cutting tools has been placed on the market under the 
name of “carboloy.” It consists of tungsten carbide 
and cobalt. The carbide is extremely hard and the 
cobalt increases the strength. 

The demands of industry for new and pure materials 
has encouraged the development of electrical processes. 
Rare metals have been produced by electrolytic methods 
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and these are gradually coming into the field of tech- 
nology. _ We can not anticipate the uses that they may 
ultimately find in the service of mankind, but the ex- 
perience with others which we now regard as common 
indicates that uses rapidly arise when such materials 
become available commercially. The further purifica- 
tion of the more common metals and the elimination of 
almost the last fractional percent of the impurities has 
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revealed surprising changes in their mechanical and 
chemical properties. Electric furnace products bear 
the brand of superior quality and by the use of electric 
heating many improvements have been made in working 
conditions. 

The Committee wishes again to acknowledge the 
helpful cooperation of Professor Colin G. Fink, Secre- 
tary of the American Electrochemical Society. 


An Economic Study of an Electrical 


Distributing Station 
BY W. G. KELLEY: 


Fellow, A. I. E. E. 


Synopsis.—This paper outlines some of the physical reasons 
and economic advantages influencing the establishment of Wash~ 
ington Park Distributing Station of the Commonwealth Edison 
Company of Chicago. 

This station is located at the electrical center of the load which it 
supplies. It receives energy at 66 kv. from an outlying generating 
station, State Line Station. The voltage is reduced at the distribut- 
ing station and fed to a number of substations at 12 kv. 

The past practise of this company has been to feed the substations 


HE subject matter contained in this paper is con- 
fined to a study of the transmission costs incident 
to the establishment of the Washington Park 

Distributing Station of the Commonwealth Edison 
Company of Chicago. 

A distributing station differs from a generating station 
in that it receives electrical energy over transmission 
lines instead of producing the energy by means of 
generators. The energy is usually transmitted to the 
station at a higher voltage and distributed from the 
station at a lesser voltage to a number of adjacent 
substations. 


The three-phase electrical system supplying energy 
to the distributing station may be termed the primary 
transmission system and consists in this case of three 
single-conductor 750,000-cem., 66-kv. cables. The 
three-phase system conveying energy from the distrib- 
uting station to the substations may be termed the 
secondary transmission system, and the feeders are 
in this case three-conductor, 500,000-cm., 12-kv. cables. 

A map of the City of Chicago, showing the various 
generating stations, Washington Park Distributing 
Station, and the substations receiving energy from the 
distributing and generating stations is given in Fig. 1. 
The various zones or districts fed by the generating and 
distributing stations are also outlined on the map. 
As the generating stations must be located on property 
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at 12 kv. directly from generating stations. However, a study 
indicated several reasons for discarding the practise in this case. 
The main physical reasons were the congested condition in the 
underground cable system surrounding Calumet Generating Station 
and the distance from Calumet Station to its dependent substations. 
The economic advantages consisted primarily of the decrease in 
transmission line costs due to the location of the distributing station 
at the center of the zone load and the savings resulting from the 
use of 66-kv. instead of 12-kv. for the primary transmission system. 


accessible to water for condensing purposes, they can 
seldom be located at the electrical center of load for 
their respective zones. 

Table I and Fig. 2 show the load in kilowatts for the 
various station zones from the years 1920 to 1928, 
inclusive. 

In the case of Calumet and Fisk-Quarry Stations, the 
zone loads now exceed the generating capacity and part 
of the energy is supplied to these two zones from 
State Line Generating Station by means of 66-kv. 
underground transmission lines. 

The distribution of energy in the Calumet Station 
zone has introduced certain physical and economic 
difficulties; first, due to the high cable temperatures in 
the underground conduit system resulting from the 
large number of heavily loaded cables radiating to the 
west and north of the station; and second, due to the 
length of the 12-kv. secondary transmission lines 
from Calumet Station to the various substations in 
the zone. 

The number of 12-kv. underground cables at Calumet 
Station is designated by the figures shown on the con- 
duit line in Fig. 3. 

Due to the fact that a considerable portion of the 
zone load is brought into the district at 66 kv. and not 
generated at Calumet Station, it was proposed that a 
new station be established at the electrical load center 
of the northern half of the Calumet zone for the pur- 
pose of receiving energy from State Line Station at 
66 kv. and distributing it to the various substations 
at 12 kv. 
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TABLE I 
GROWTH OF 60-CYCLE ZONE LOAD AT TIME OF SYSTEM MAXIMUM 

1920 1921 1922 1923 1924 1925 1926 1927 1928 

Kw Kw Kw Kw Kw. Kw Kw Kw Kw 
Northwest........... 50,000 65,000 81,430 91,000 84,780 101,850 118,210 128,922 y 143,260 
Misk-QuawsiVaenens-. tier 140,000 122,000 155,200 91,980 112,985 136,276 140,220 190,840 177,723 
Ora wlOrd nick ois 53,920 80,350 103,019 158,020 177,932 218,777 
Washington Park..... 55,388 
Oalumet oo. c.ctacrecins 26,000 38,770 91,290 101,187 141,885 159,000 172,952 123,880 
MOG AL Sy tetsseve store) susie eile sors 190,000 213,000 275,400 328,190 379,302 483,030 575,450 670,646 719,028 


A preliminary study of the secondary transmission 


cables on the 12-kv. system expressed in circular-mil- i 
feet per kilowatt, showed that a 10 per cent reduction eee TM Oma oue 
in this ratio could be effected for the entire Chicago | (co Grit omy) onmen 
area by the establishment of Washington Park Distrib- <i 
uting Station. sh | 
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Wie. 1—Mapr or Cuicaco SHOWING THE LOCATION OF STATIONS 
AND SUBSTATIONS 


MUSKEGON 
EXCHANGE 


Hight substations were tentatively selected to form a 
zone load for the first year for Washington Park Distrib- 
uting Station and for the year 1928, the load in this 
zone was 5 5,388 kw. The numerals denote the number of three-phase 12-kv. cables in each 


Table III shows the load on the eight substations a Gan 


Kia. 3—Di1acram or UNDERGROUND TRANSMISSION CABLES AT 
CALUMET STATION 
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selected for the years 1923 to 1928, inclusive, segregated 


under the three headings, four-kv., railway, and 


industrial load. 
The average distance from these substations to 


Calumet Generating Station, weighted for load, was 
found to be 41,600 ft., while the average distance to 


TABLE II 
TRANSMISSION COPPER IN 12-KV. DIRECT TRANSMISSION 
: LINES 
Copper 
Volume 
Length 1,000,000 1,000,000 
circuit cir. mil, ft. Peak cir, mil. ft. 
feet (one phase) load per kilowatt 
1923 1,961,882 728,885 328,100 2.22 
1924 2,202,563 980,044 379,302 2.58 
1925 2,376,517 1,079,283 483,030 2.23 
1926 2,887,780 1,352,029 575,450 2.35 
1927 3,183,648 1,505,647 670,646 2.24 
1928 3,118,895 1,483,448 719,028 2.06 


Washington Park Distributing Station, weighted for 
load, was found to be only 8690 ft. This represented 
a marked decrease in the amount of cable necessary, 


TABLE III 


GROWTH OF PROPOSED WASHINGTON PARK ZONE LOAD 


1923 | 1924 | 1925 | 1926 | 1927 | 1928 
Ey dosPiiee tte tee oe eile 11,600 |10,400} 9,880] 8,900} 7,430} 8,100 
PPP ATIO Cee eae Cy abe 5,180] 4,920] 5,890]) 5,630] 4,900} 5,740 
G2NGE SUNN eaters cane so hiss 9,100} 7,820] 8,825] 9,270] 9,400 /10,200 
LALO rn ois ec Sinan eee 3,660 | 4,450] 4,300] 5,300] 5,210 
AohHav IS eas Sheen Ruben ttreeieiee en 10,720] 9,320] 9,600] 9,650] 7,560} 7,350 
Hu OW Ole Rr isiiete recast A tetases oe 760 | 3,100} 4,530] 3,950} 6,360; 7,400 
BIRO ee mk cVie vey te fe fiona tee Perelicer ns 37,360 |39,220 |43,175 41,700 |40,950 | 44,000 
62nd Railway....o00..«..- 5,760 | 5,520) 4,140] 4,180] 4,070] 4,058 
BeaSord i Raiwaye oo acs ae 4 1,970] 2,670 | 4,000} 3,370 
MO UGIORVALIW AY, sietocects ave o's oe = 5,760 | 5,520] 6,110] 6,800] 8,070] 7,428 
iy de Pk. TINGS. 2. sects: & 22 655 416 104 
GZNGIBGUS a. os cictocee tates anal 149 663 445] 1,573 
OOOO: cyovehevaie airchaaecarebacace 307 436| 1,148] 1,460 
WiashePK. IMQUS: ce: banners 457 725 323 
Total) TnQus,.cictew: tices). 2s. ¥ 478 || 2,211| 2,734] 3,460 
Grand Total............... 143,120 |44,740 |49,763 |50,711 [51,754 |54,888 


and formed one of the main economic factors leading 
to the construction of Washington Park Distributing 
Station. 

The following cost data were used in making the 
study: 

12-kv. three-conductor cable...... $1.95 per ft. 

66-ky. single-conductor cable. . 2.64 to 3.07 per ft. 

Gonquiwe per ductiwsged i165 1.00 per ft. 

Due to the fact that the energy for this zone 
is brought to it at 66 kv., it would have been 
necessary to install switching equipment, transformers, 
and the necessary buildings either at Calumet or Wash- 
ington Park Stations, and the cost of these was assumed 
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to be the same whether installed at one point or the 
other. ee ; 


The cost per kilowatt of the 66-kyv. primary trans- 
mission lines, with the necessary conduit from Calumet 
Station to Washington Park Distributing Station, was 
$11.40, and the total cost allocated to the Washington 
Park Distributing Station plan, based on the load of 
59,388 kw., was therefore $630,000. The cost of 12-kv. 
secondary transmission lines and conduit from Washing- 
ton Park Distributing Station to the eight substations, 
was $220,000, making a total cost for this plan, of 
$850,000. 


The cost of 12-kv. secondary transmission lines and 


-eonduit from Calumet Station to the various sub- 


stations, assuming Washington Park is not to be built, 
was found to be $994,000, making a difference of 
$144,000 capital investment in favor of the construction 
of Washington Park Distributing Station. 

This saving is due primarily to the development of 
66-kv. underground cable and the greater economy of 
transmission at this voltage over the use of 12-kv. 
cable. 

It is proposed to put additional substations as shown 
in Fig. 1 in the Washington Park Distributing Station 
zone during the years 1929 and 19380, thereby increasing 
the zone load, and also to establish additional distrib- 
uting stations in the central and northern sections of 
the city, when economic conditions warrant. 


ATOMS NOT LIKE SOLAR SYSTEMS 


As every modern school child knows, the atoms of 
matter which were thought indivisible even 30 years ago 
are now considered to be complicated agglomerations of 
positively charged protons and negative electrons. 
But the manner in which the structure of the atom is 
visualized has changed vastly during the past few years. 
The modern physicist has discarded the entire picture- 
theory of imagining the atom as a small replica of the 
solar system. 

These facts were stated at a recent meeting of the 
Detroit Section of the Society of Automotive Engineers 
by Professor Vladimir Karapetoff, of Cornell University, 
who pointed out that when physicists endowed an atom 
with the central nucleus and imagined electrons like 
little spheres revolving around that central nucleus, 
what they did was not different in principle from the 
process whereby the primitive man creates his god in 
his own likeness. They knew the solar system was so 
made, so they put itin the atom. This method worked 
well enough for hydrogen, composed of only one nucleus 
and one electron; but the complexity of the atoms of 
the very heavy chemical elements spelled the death 
knell of the picture theory of the atom and the attempts 
to express the motion of approximately 92 electrons by 
equations and to solve these equations. 


Abridgment of 


Current Transformer Excitation 
Under Transit Conditions 


BY D. E. MARSHALL* 


Associate, A. I. E. E. 


Synopsis.—Tests of circuit breakers, relays, and similar devices 
in which current transformers have been used to step down the large 
currents involved to values measurable by the oscillograph, have 
shown peculiar errors in the records during the transient portion 
of the current wave. 

The purpose of this paper is to show that the abnormal excitation 
of the magnetic circuit of the current transformer required during 


HIS paper is closely related to the problem of the 
measurement of transient alternating currents. 
When certain apparatus such as circuit breakers 

are subject to short-circuit tests, it is desirable to have a 
correct indication of current during the transient 
condition. 


In the past, two methods have been used for measur- 
ing heavy transient currents; namely, the non-inductive 
shunt and the current transformer. Considerable field 
testing has demonstrated that these methods have in- 
troduced difficulty under some conditions. When the 
shunt is used, it is of course necessary to insulate it and 
associated oscillograph apparatus from ground to the 
extent of full-line voltage. Furthermore, non-inductive 
shunts can be used only with non-inductive measuring 
devices and therefore cannot be used with the current 
coil of watt oscillograph elements, which are highly 
inductive, for the measurement of instantaneous power. 


Even with resistive burdens inaccuracies will result 
due both to self-inductance and mutual inductance on 
multi-phase set-ups. 


The use of the current transformer for the measure- 
ment of transients under certain conditions has resulted 
in some inaccuracies. In this paper effort has been 
made to determine the causes of the errors which occur, 
the extent of the errors, and means for elimination or 
minimization. The causes of the errors are first briefly 
outlined. A discussion of the practical importance of 
the errors is given as is also mathematical expositon 
of the theory including the formulas for designing 
transformers having suitable characteristics for the 
measurement of transients. A number of oscillograph 
records amplifying and checking the theory is pre- 
sented; and finally a method is given for testing trans- 
formers to determine their suitability for use under 
transient conditions. 


The authors are indebted to Mr. J. F. Peters for 
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Presented at the Regional Meeting of the Middle Eastern District 
of the A. I. E. E., Cincinnati, Ohio, March 20-22, 1929. Complete 
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and 


transient conditions is the cause of these errors, and to point out how 
the errors may be minimized sufficiently to be negligible. 
Mathematical expressions are also derived to make it possible to 
predetermine the ability of a transformer to handle transients 
correctly and to be a guide in the design of transformers for this 


service. 
* * * * * 


constructive criticism, and to Mr. L. R. Smith for as- 
sistance in conducting the tests. 


OUTLINE OF CAUSES OF ERRORS AND THEIR 
CHARACTERISTICS 


If the circuit in which the primary of the current 
transformer is connected contains both resistance and 
inductance, the current flowing in that circuit just 
after its switch is closed will not assume always im- 
mediately a pure sinusoidal wave form, but will be dis- 


AMPERES 


TIME IN SECONDS 


Fig. 1—TRANSIENT CurRENT FOR INDUCTIVE CrrcuIT HAvING 


Time Constant 0.0304 ar 60 CycLes 


(A) = Asymmetrical current wave 
(B) = Displaced zero axis 


placed from its normal zero axis in a manner similar to 
the current curve shown in Fig. 1. (Eq. (4) of complete 
paper.) 

This asymmetry rapidly decreases and in practical 
circuits disappears in about 8 to 15 cycles of 60-cycle 
current. ‘The degree of asymmetry depends on the 
point of the voltage wave at which the switch is closed. 
The current wave is practically normal if the switch is 
closed when the voltage is at its maximum and may be 
entirely above or below the zero line, if the switch is 
closed at the zero of the voltage wave. The point on 
the voltage wave at which the switch is closed is usually 
a matter of chance, although it is sometimes argued that 
inasmuch as in high-voltage circuits the current might 
start before the switch is completely closed, the first 
case is the more probable. Thus in the majority of 
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cases, the transient will be comparatively slight. (Fig. 
1 is calculated on the basis of a closure under the worst 
possible conditions.) 

The important thing to appreciate, so far as this paper 
is concerned, is that this dissymmetry is quite likely to 
occur just after the switch is closed. The paper there- 
fore treats of the effect of the dissymmetry on the mag- 
netizing current and the resultant error in a current 
transformer under such transient conditions. 

The error is due to the over-saturation of the trans- 
former which is caused by the d-c. component of the 
asymmetrical current. This condition is of course ag- 
gravated if the secondary burden is excessive. The 
error in transformation also will vary depending upon 
the amount of residual magnetism and its polarity with 
respect to that of the d-c. component. For this reason, 
in tests where accuracy is essential, the transformer 
selected for use in measuring transients must be de- 
signed for a low degree of saturation at the burden to 
be imposed, and must be demagnetized between suc- 
cessive heavy shots. On tests which do not come up to 
the knee of the saturation curve, the residual will prob- 
ably be so slight that demagnetization will not be 
required. 

A complete mathematical exposition is included in 
this paper and will be printed in full in the TRANSAC- 
TIONS. ‘The equations and the data indicate that the 
inaccuracies of the current transformer during unsym- 
metrical transients are caused by the large flux required 
to generate the voltage necessary to reproduce the 
transient in the burden of the transformer. The maxi- 
mum value of transient flux is dependent upon the 
magnitude of the current, the duration of the transient, 
the design of the transformer, and the secondary burden. 

A series of tests was made to check and amplify the 
mathematical theory and the data thus secured are 
given under the heading of Test Data in this paper. 


PRACTICAL IMPORTANCE OF ERRORS 

As these errors are caused by the dissymmetry of the 
primary current which is dependent on the cyclic time 
of closing the switch, their appearance is rather uncer- 
tain, but always possible, and may cause erroneous 
conclusions on an important test. 

The magnitude of these errors is generally compara- 
tively slight, although on extremely heavy short cir- 
cuits of a high degree of asymmetry, with a particularly 
unsuitable transformer having a heavy secondary 
burden, the degree of over-saturation may be so great 
as to cause an error of, roughly, 50 per cent in ther. m. s. 
value of the first current wave. The most noticeable 
effect of the errors is the distortion of the secondary 
current wave shape rather than serious diminution of 
the crest value. 

In most cases the error thus introduced is compara- 
tively unimportant except in the cases of high-speed 
relay operation and watt oscillographs. The great 
majority of tests to determine rupturing capacity of 
circuit breakers are so made that the current has 
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reached a steady-state condition before arcing starts. 
Even though this condition has not been reached, the 
r.m. s. current of the first half cycle of arcing is usually 
determined from the crest value, with due allowance for 
the displacement of the neutral axis, on the assump- 
tion that the wave is of sinusoidal shape which partially 
corrects for the error but always indicates a lower cur- 
rent than actually occurred. 

In oscillograph testing, however, the accuracy re- 
quired is not of so high an order as required for cur- 
rent transformers used with watthour meters; hence 
the allowable flux density is higher. The oscillograph 
burden is lower than the usual burdens. These two 
factors tend to compensate for the high value of 
transient flux required, thus making the problem of 
applying or designing a suitable current transformer 
less difficult than might appear. 

The only competitor of the current transformer has 
been the non-inductive shunt. This method, however, 
presents difficult insulation problems, as the oscillograph 
elements must be directly connected to the high-voltage 
jines.!. It should also be fully appreciated that a non- 
inductive shunt is only allowable for use with non-induc- 
tive burdens. It must always be of the same time 
constant as the burden. This effect is not serious for 
straight current-measuring oscillograph elements. Watt 
oscillograph elements, however, having current coils of 
relatively high inductance, cannot be used with non- 
inductive shunts. 


The current transformer works better, if anything, 
for inductive than for resistive burdens, and may be 
used for any type of element. Against the disad- 
vantages of demagnetizing transformers may be set the 
added safety to operators, the lack of necessity of in- 
sulating the operator and instrument from ground, and 
the possibility of using the transformers supplied in the 
apparatus under test instead of special equipment. 


MATHEMATICAL EXPOSITION 


If the primary current is unsymmetrical, it may be 
represented by the following equation as given earlier 
in the paper: (See Fig. 1.) 

—t 
i =I (sn (wt + a@)—sinae’ |] 

If this expression is substituted in (15) the equation 
for the magnetizing current will be found to be: 
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1. For references see Bibliography. 
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If we substitute in Equation (16), L, = 0, sina = 1, 
which causes maximum primary transient), we have: 


44 
cea ie ie om? 72 008 (@ (ee taneeor) 
1 
; —t 
—t at Fete 
mess ae a Hy | 
a ee Re (18) 


which gives the shape of the magnetizing current as a 


oe 


function of i= This factor is easily caleu- 
lated from the magnetizing current—voltage character- 
istic of the transformer, and the total secondary 
resistance. 


Maximum Value of Transient Flux. As given before, 
the transient term may be represented by Equation 
WOR 

r —t ' —t 

AeT —(A+ BEM =u 
where wu represents the transient portion of the magnet- 
izing current. Differentiating (17) and equating to 
zero, we find that 
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} = Oe: (19) 
which is the time at which the transient term reaches 
its maximum value. 

Substituting this expression in Equation (17), we 
have for the maximum value of the transient magnet- 
izing current: 
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By substituting the values of the constants of 
Equation (17) in the above Equation (20), the correct 
maximum value of the transient magnetizing current 
will be obtained. 

For design purposes Equation (18) is accurate to 
a high degree. By taking the coefficients as given 
there and substituting in (20), and by the use of a 
justifiable assumption, the following simpler equation 
for the maximum is derived: 


li Ti =f 
Ones = [ (=) 


(20) 


(21) 


MARSHALL AND LANGGUTH 


Journal A. I. E. E. 


where as before, 


L , F 

Sart T = time constant of primary transient, 
2 

and J = maximum value of the steady-state primary 

current. 


TEST DATA 


As a check on the theory, a series of tests was made 
on several through type current transformers. For 
the purpose of separating the exciting current com- 
ponent from the primary current, a scheme shown in 
Fig. 10 was used. A primary circuit was set up to have 
definite pre-determined values of resistance and in- 
ductance such that transients of definitely known 
time constant (7') could be obtained. To obtain the 
total secondary current and the total primary current, 
non-inductive shunts were used in parallel with the 
oscillograph elements V, and V3. A combination 
of three shunts of equal value was used in the differen- 
tial circuit with oscillograph element V» for the purpose 
of obtaining the difference between the primary and 


QUICK CLOSE SINGLE 
CIRCUIT CONSTANTS 
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TEST TRANSFORMER 


SECONDARY BURDEN 


Fig. 10—Scuemaric Diacram or TRANSIENT TESTING Crrourr 


secondary currents. As the ratio of the transformer 
is 2 to 1, and as the resistance of element V> is high in 
comparison with the resistance of the shunts, the 
deflection of the element V». will be proportional to 
the difference between the primary and secondary 
currents, thus giving a measure of the exciting current 
or instantaneous error of the transformer. | 

The transformer used for these tests was of ring 
type, constructed to fit the standard 37,000-volt con- 
denser type bushing having design constants 


ae ppecondary- tums. este See eee 100 

b. Core diameter inside...............43 in. 

c. Core diameter outside..............6% in. 

d. Gore cross-sectional area:5....5 4200 4.26 sq. in. 
e Secondary wesistances: eee ee 0.1668 ohms. 
f. Saturation characteristic (referred to secondary). 
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Volts 


By short-circuit impedance test of the transformer 
with wound primary, it was determined that the leak- 
age inductance of both primary and secondary is 
exceedingly small, (power factor 99 per cent), thus justi- 
fying the assumption made in the theory of zero leak- 
age inductance. 

To allow the use of the measuring scheme of Fig. 10, 
it was found necessary to use relatively low values 
of current. Thus, to simulate the actual transformer 
- performance under heavy short circuits, it was neces- 
sary to wind a primary of 50 symmetrically spaced 
turns on the transformer, thus giving the effect of 800 
amperes, (800 ampere-turns). 

Numerous tests were made under various conditions 
of circuits and transformer. 

The results of a few of the tests and their analysis 
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are given individually in the form of oscillograms. 

The oscillogram, Fig. 12, was taken with the trans- 
former thoroughly demagnetized, and approaches closer 
to the theoretical curves than any of the oscillograms. 
The primary current is identified as I,, the secondary 
by I,, and the differential or exciting current by Ia;. 
The transient portion of the magnetizing current is 
well above the zero line. This current gradually dies 
down to a steady state of very small amplitude sym- 
metrical with respect to the zero line. This film should 
be compared with Figs. 1, 5, and 6 of the complete 
paper. 

The power factor of the primary circuit is 5.77 per 
cent, which corresponds to a time constant (T7’) of 
0.0447. The total secondary circuit resistance includ- 
ing oscillograph shunts is 0.30. Since the exciting cur- 
rent of the transformer is one ampere at 90 volts on the 
‘“Imnee’”’ of the saturation curve, we can determine that 
the average value of (71) in Equation (18) is 0.795. 


CURRENT TRANSFORMER EXCITATION 
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The time at which the transient portion of the mag- 
netizing current should be a maximum is given by 
Equation (19). Substituting the value of 7, calculated 
above, the time obtained is 0.187 seconds. This time is 
indicated on the film for comparison with the actual 
maximum as shown on the oscillograph. 


The maximum exciting current is given in percentage 
by the Equation (21), which, calculated for the 
above constants, is 4.8 per cent. From measurements 
of the oscillogram, Fig. 12, the secondary current is 11.2 
amperes and the maximum transient exciting current is 
0.45 ampere, giving a per cent maximum exciting cur- 
rent of 4.02. These values check quite closely when the 
errors in measurement and oscillograph calibration are 
taken into account. 


METHOD OF SELECTING SUITABLE TRANSFORMER 


When a current transformer is to be used for short- 
circuit testing, before making tests, some information 
should be obtained regarding its adaptability for use on 
transients. It is a relatively simple matter to test a 
current transformer to determine its suitability for 
measuring transients. The first operation necessary 
is to obtain the saturation curve of the transformer 
by taking readings of volts and amperes into the secon- 
dary with the primary circuit open. Then the resis- 
tance of the secondary may be measured with a small 
testing set, to which should be added the oscillograph 
shunt resistance. (Designate this sum by R2.) Using 
values up to the knee of the saturation curve, divide 
each voltage by the corresponding current and obtain 
an average of these results for a value (Z;)._ The factor 
T, may be calculated from the following formula: 


Zi 
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Calculate the time constant (7') of the primary circuit 
as the ratio of inductance to resistance of the primary 
circuit. Knowing (7',) and (7), the ratio of maximum 
transient exciting current to maximum secondary 
steady state current can be exterpolated from Fig. 8, 
or calculated from Equation (21). This ratio gives 
directly the percentage maximum error due to the 
transient in instantaneous values of secondary current. 

Dividing the r.m.s. exciting current just below 
saturation as obtained from the saturation curve, by 
the above ratio, will give the r.m.s. value of steady- 
state secondary current which the transformer is 
capable of handling without excessive errors due to 
saturation under the given transient conditions. 

If the percentage error is within the limits of accu- 
racy desired, and if the current to be measured is not 
greater than the amount calculated above, the trans- 
formers hould be satisfactory for use in that transient 
test. The authors’ experience has been that the cali- 
bration and measurement of oscillograph films give 
results of an average accuracy of +5 per cent. The 
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transformers should be of about the same order of 
accuracy. . 

If transient tests are to be made in fairly close succes- 
sion, and especially for heavy OCO transients, the trans- 
formers should be demagnetized before each test. This 
is’ easily done by arranging the current transformer 
circuits to allow them to be switched easily from the 
oscillograph elements to a source of alternating current 
of a value comparable to the saturation current ob- 
tained previously. This current should then be 
reduced smoothly to zero by the use of slide wire resis- 
tors or their equivalent. In general, if the source of 
power is 110 volts, two resistances will be required in 
series; one of the magnitude of 0 to 50 ohms and the 
other from 0 to 500 ohms. ‘The first should be of suf- 
ficient capacity for saturation current, and the second 
should introduce enough resistance to reduce the cur- 
rent to a minimum value for thorough demagnetization. 

At first thought, the demagnetizing operation would 
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seem an added burden to the complexities of oscillo- 
graphic testing. If, however, a source of low-voltage 
alternating current is available, the arrangement of the 
demagnetizing circuits adds but little to the set-up, and 
its use becomes a small matter of extra routine on the 
part of the oscillograph operators. 
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ANNUAL REPORT OF COMMITTEE ON TRANSPORTATION* 


To the Board of Directors: 

Following established precedent, your Committee 
submits a brief review of the year’s development in the 
application of electricity to transportation. 

STEAM RAILROAD ELECTRIFICATION 


Pennsylvania Railroad. The Pennsylvania Railroad 
has completed the electrification of its suburban service 
from Philadelphia to Wilmington, Delaware, on its 
main line to Washington, and to West Chester, Pa., on 
the Wawa Branch. The 11,000-volt, 25-cycle, single- 
phase system with overhead catenary used is in ac- 
cordance with the original electrification work on the 
Pennsylvania in the vicinity of Philadelphia. 

Of far greater importance, however, is the announced 
program and actual starting of work on the electrifi- 
cation of the entire road train service, freight and 
passenger, between New York and Wilmington, 
Delaware. 

The project covers the passenger and freight service 
on 325 mi. of line and 1800 mi. of track, beginning at 
Hell Gate Bridge, New York, where connection is 
made with New England, and extending west and south 
to Wilmington, west from Philadelphia on the Main 
Line in the direction of Harrisburg as far as Atglen, 
and the low grade freight lines which join at Columbia, 
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Pennsylvania, and connect the cities of New York, 
Philadelphia, and Wilmington with the West. 

Work is already under way on the 132,000-volt tran- 
mission line through Philadelphia for the extension 
to Trenton. 

Great Northern Railway. The Great Northern Rail- 
way has completed and placed in service the extension 
of the present single-phase electrification through the 
new tunnel from Scenic to Berne and then east to 
Wenatchee. This required the abandonment of its 
old line from Scenic to Cascade through the snow 
sheds, which electrification was completed about two 
years ago. 

All traffic is now handled between Wenatchee and 
Skykomish with motor-generator locomotives having 
d-c. traction motors, the overhead contact system 
supplying energy at 11,000 volts, 25 cycles, single-phase. 

Boston, Revere Beach & Lynn Railroad. This narrow 
gage line has completed its electrification of 15 route 
miles, using 600-volt d-c. overhead catenary system 
with multiple-unit operation. 

Cleveland Union Terminal Company. In connection 
with the building of a combined terminal station and 
office building in the heart of the business district of 
Cleveland, it is necessary to handle all trains electri- 
cally. Through passenger trains of the New York 
Central, C. C.C. & St. Ly and Nw Yo. & St. ie will 
be so handled through the city. It has been decided 
to use 3000 volts direct current with overhead catenary 


.system. Twenty-five 204-ton passenger locomotives, 


with a rating of about 3000 hp. each, have been ordered 
and active work on substations and distribution system 
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started. Power will be purchased from the local 
power company. 

Interurban and suburban trains will also use the 
station over separate tracks with 600-volt d-c. overhead 
trolley construction. 


Reading Company. The Reading Company has 
started construction on the Philadelphia Suburban 
Electrification, which, initially, will include multiple- 
unit service from the terminal in Philadelphia to Chest- 
nut Hill, Lansdale on the Bethlehem Branch, Hatboro 
on the New Hope Branch, and Langhorne on the New 
York Branch. This electrification was decided on not 
to meet any particular operating difficulty or municipal 
requirements, but to furnish a better service at a lower 
operating cost and with a hoped for increase in traffic 
and revenue. 

The initial installation will consist of 50 route miles 
and 110 track miles, and the 11,000-volt, 25-cycle, 
single-phase system will be used. 

Delaware, Lackawanna & Western Railroad. This 
company is actively engaged on the design and con- 
struction work covering the electrification of its sub- 
urban service with multiple-unit car trains from its 
Hoboken terminal to Dover, New Jersey, via Morris- 
town; also the Montclair Branch and the Passaic & 
Delaware Branch. The running tracks between West 
End Junction and Kingsland are included in the 
program, as the inspection and repair facilities are to 
be located at the latter point. Certain freight move- 
ments between Secaucus and Hoboken Yards will be 
made electrically. 

Power will be supplied through five substations at 
8000 volts, direct current, to the catenary system. The 
program calls for the electrification of 150 track mi. 
of main line and 25 mi. of yards and sidings. 


City of Rochester. The city of Rochester has com- 
pleted and put in service an electrified railroad through 
the city, in the bed of the old Erie Canal, the right of 
way being purchased from the State. A modern 
boulevard has been built over the tracks for a consid- 
erable distance in the heart of the city. 

The line is nine miles in length with two tracks the 
full distance, one additional freight track for seven 
miles, and two other freight tracks for 114 miles. Inter- 
change tracks with steam railroads are provided. Fre- 
quent rapid transit cars are operated. 

The overhead construction is of the catenary type 
using three wires with one contact wire. Inclined 
catenary is used on all curves except the slight ones at 
station approaches. Operation is at 600 volts direct 
current. 

DIESEL-ELECTRIC LOCOMOTIVES 


The development of oil-electric locomotives using 


prime movers of the Diesel type is continuing. A300-hp. . 


prime mover is most in use to date, one manufacturer 
having delivered 25 locomotives weighing about 60 
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tons each, equipped with one 300-hp. Diesel engine 
with generator and d-c. traction motors. 

Eight locomotives with the same type of power plant, 
but in duplicate, (the locomotive weighing about 108 
tons), are also in service. This is in addition to the 
New York Central combination third rail, overhead, and 
storage battery locomotive equipped with the same 
type of 300-hp. Diesel engine with generator for opera- 
tion off the trolley or third rail and for charging the 
battery. 


The New York Central has recently accepted de- 
livery of a Diesel-electric locomotive for passenger 
service on its Putnam division. The engine is a four- 
cycle air-injection Diesel of the 12-cylinder V-type with 
a full-load rating of 900 b. hp. On the same division 
is also a freight locomotive with a six-cylinder 750- 
hp. solid-injection Diesel. Electrical equipment covers 
a main generator and an auxiliary generator direct- 
connected to the engine, four d-c. traction motors, 
control equipment air compressors, and auxiliaries. 


Another manufacturer has supplied the Long Island 
R. R. with an articulated locomotive for switching 
purposes, equipped with two 330-hp. Diesel engines 
and electrical equipment. The complete locomotive 
weighs 87 tons. 


The largest single-unit Diesel-electric locomotive 
built so far, however, is that purchased by the Canadian 
National Railways. It consists of two separate cabs, 
each cab containing a 12-cylinder Diesel engine of the 
solid-injection type rated at 1330 hp. at 800 rev. per 
min. Each unit weighs 325,000 lb., of which 240,000 
lb. are on driving wheels. The present gear ratio was 
laid out for high-speed passenger service. 

Other experimental oil-electric locomotives of varied 
horsepower are in process of development. 


GENERAL PURPOSE LOCOMOTIVE 


The Commonwealth Edison Company has ordered 
for trial what might be called a General Purpose Loco- 
motive. It will weigh 85 tons with all weight on drivers 
and is intended primarily for switching work. It can 
operate directly from the overhead at 1500, 750, or 
lower voltage. A storage battery having a capacity 
of 544 ampere-hours at the six-hour rate is provided, 
this battery to be charged through a motor-generator 
set when operating under the wire, or from two 155-hp. 
gasoline engines driving generators. The engines can 
be operated with distillate fuel. The four motors are 
rated at 250 hp. each, at 750 volts, one-hour rating. 
This locomotive will be put in switching service on the 
Illinois Central Railroad in the near future, for trial. 


RAIL CARS. DIESEL-ELECTRIC 


The Canadian National Railways has in service 14 
Diesel-electric rail cars, four, six, and eight cylinders 
each, with a rating of from 200 to 400 hp. They are 
continuing the use of the Diesel type of motive power rail 
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cars and now have on order nine cars to be equipped 
with six-cylinder engines, rated at 400 hp., each at 
900 rev. per min. 


GASOLINE-ELECTRIC 

Over 120 gasoline-electric rail cars primarily for 
branch line service were put in service during the past 
year. 

They vary in weight, and also in power from 200 to 
800 hp. in one- two- and three-unit power plants with 
individual engines rated up to 400 hp. The majority 
have single power plants with engines of from 275 to 400 
hp., the tendency in the last year being toward the 
larger units. One company is putting out power plants 
of 135 hp. each, one, two, or three being used, depending 
upon the weight of a car and the desired trailer load. 
The largest cars have two of the 400-hp. power plants 
and are in service on the Chicago, Rock Island, and 
Pacific Railway. 


MARINE PROPULSION 

The electric-drive airplane carriers Saratoga and 
Lexington broke all existing speed records for capital 
naval ships in their sea trials. 

The use of turbine-electric drives for large ships and 
Diesel-electric drive for smaller ships, ferries, and tugs 
continues to grow. 

CAR RETARDERS 


Refinements have been made in the design of both 
electro-pneumatic and straight electric car retarders 
for regulating the speed of cars being operated over 
humps to classification tracks. 

Where formerly all switches were controlled from 
one central point by electropneumatic or electric 
switch machines and where each cut of cars was ac- 
companied by a car rider to control the speed of the cut, 
now a large yard may be handled from separate towers 
near the switches, each tower controlling a group of 
switches and retarders with car riders eliminated. 
Several such yards are in successful operation. 


RADIO COMMUNICATION 
Several installations of radio communication between 
locomotive, caboose, and station have been in successful 
operation. Apparatus as mentioned above is now 
available for radio communication between trains 
and between hump engines and the various contro] 
towers. 


CENTRALIZED OR DISPATCHERS CONTROL 


The railroads are making great strides in the move- 
ment of trains by signal indication only and have made 
use of the recent developments in centralized or dis- 
patchers control for this purpose. 

It is now possible and practicable to control electri- 
cally from a central point all desired switchesand signals 
over a considerable route mileage. This arrangement 
facilitates meeting and passing points and thereby 
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decreases running times between terminals with con- 
sequent savings. 

Between Stanley and Berwick, Ohio, on the New 
York Central Railroad, the principal switches, some 
30 in number, with all signals, are controlled from one 
point. This covers 37 mi. of single track and three of 
double track. 

There are over 20 installations of varying lengths in 
service or on order, and the use of this schemeis growing 
rapidly. 

TRAIN CONTROL 


Covering the installation of train control on some 
44 Class 1 railroads, the orders of the Interstate Com- 
merce Commission have been complied with and there 
are now over 15,000 track mi. and about 9000 
locomotives equipped. In addition, there have been 
voluntary installations covering over 3000 road miles 
and over 750 engines. 

The installations cover continuous control, inter- 
mittent control, and speed control. 

While no new orders of the Interstate Commerce 
Commission are contemplated, yet the Division of 
Safety is following up the whole subject and suggesting 
further installations where, in their opinion, conditions 
warrant them. 

SUPERVISORY CONTROL 


The use of supervisory control in the handling of 
substation and switching station apparatus has con- 
tinued. The last year has seen considerable develop- 
ment work done on the so-called synchronous selector 
and relay types, with initial installation of the first 
mentioned on the Cincinnati Street Railway System, 
and of the second at the Grimm Avenue Substation of 
the Chicago Sur‘ace Lines. 


MeERcurRY ARC RECTIFIERS 


The use of mercury arc rectifiers has continued 
rapidly, there now being in the United States in the 
vicinity of 40 installations for street railway, interurban, 
and steam road electrifications. These are arranged 
for manual, semi-automatic, and automatic control. 
The tendency has been to increase the capacity per 
bowl, there being one installation by the Commonwealth 
Edison Company in Chicago, having a capacity of 5000 
amperes at 600 volts in one bowl. This is an automatic 
station for railway use. 


HIGH-SPEED CIRCUIT BREAKERS 


The high-speed a-c. circuit breakers of both the 
air and oil type as mentioned in last year’s report 
have been completed and are now in successful opera- 
tion on the Wilmington and West Chester extension 
of the Pennsylvania single-phase electrification. These 
circuit breakers interrupt short circuits in a half cycle 
or less and are comparable to the high-speed d-c. 
breakers which have been in use on steam railroad 
electrification for the last three years. 
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Synopsis.—In the second part of this paper and in the appen- 
dices, attention is given to simplified methods of treating the problem 
of system stability. Methods which have been found useful in mak- 
ing many system studies are recorded. These methods have had 
considerable verification by tests both on a model system and on 
large operating systems and have been simplified to such an extent 
that many operating companies are now finding it to their advantage 
to undertake the work of making careful studies of their own systems, 


INTRODUCTION 


A Bits literature on Power System Stability is grow- 
ing rapidly.t It includes papers on theoretical 
methods of calculating stability, the observations 
of actual systems, and on methods of improving sta- 
bility. This paper is intended to give the conclusions 
of the authors and their colleagues, based on many care- 
ful system studies and observations and tests on 
actual and model systems. 
The conditions under which instability occurs may be 
classified as, 


Case 1. Under steady-load conditions due to in- 
adequate synchronizing power. 
Case 2. Under steady-load conditions due to 


hunting. 

Case 3. During disturbances, particularly those due 
to short circuits. 

Case 1. Various criteria have been developed to 
permit the design of a system which will be stable under 
these conditions.!» 5 2! Continuously vibrating regu- 
lators are helpful in increasing the power limit, es- 
pecially when the machine synchronous reactances are 
a large percentage of the whole reactance. To allow 
for some swings and hunting, a power system must 
be stable under steady-load conditions for a reason- 
able margin above the expected load; otherwise the 
system will be liable to lose synchronism at any time. 
Therefore, no system should be considered practical 
unless such a margin is established at the outset. Thus, 
in practise, the problem reduces to the consideration of 
cases 2 and 3. 

Case 2. This type of instability occurs principally 
at light loads and when the resistance of the lines in- 
volved is high. Continuously vibrating regulators are 
apparently helpful in eliminating danger from this 
cause. 

Case 3. This is the type of instability which de- 
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just as they now make short-circuit studies which formerly were 
thought too difficult and too highly theoretical. 

The first part of the paper gives some comments and conclusions of 
the authors and their colleagues as a result of many such system 
studies as well as studies involving more detailed methods, and also 
as the result of practical experience through contact with various 
operating companies. Some of these comments are based directly 
upon an example which is given in detail in Appendiz I. 


mands most attention today. Faults may be con- 
ductor-to-ground, conductor-to-conductor, two-con- 
ductors-to-ground, or three- conductors, short-circuited 
in the order of their severity. Experience indicates 
that some systems are subjected largely to one- 
conductor-to-ground faults, while others are subjected 
chiefly to two-conductor-to-ground faults. The char- 
acter of the fault, whether one-conductor or two- 
conductor-to-ground, has a decisive influence in the 
design of systems for stability at all times. 

The effect of these faults is to throw an active and 
reactive load suddenly on the system and to reduce 
the synchronizing power between machines. As a 
result, the position of the rotors of the machines in the 
system tends to vary, the variation being in general 
such as to increase the angular separation between the 
generators and motors. 

An accurate analysis involves a step-by-step calcula- 
tion of the motion of each machine in the system, the 
principle factors involved being the line reactances, 
machine synchronous and transient reactances, time 
constants of the machine field structures, governor and 
regulator actions, switching times, and machine inertias. 
Simplified methods of analysis in certain cases are 
available.* 


THE RELATION OF SYSTEM CONNECTIONS AND 
APPARATUS TO STABILITY 


An endeavor has been made to investigate the effects 
of various bus and apparatus arrangements in a typical 
transmission system which is required to withstand 
shocks ensuing from major switching operations and 
fault conditions. 

In Fig. 16 is shown the simplified diagram of such a 
typical generating station delivering power over high- 
voltage transmission lines to a large interconnected 
system which is represented as an equivalent motor. 
The generating station is assumed to consist entirely of 
waterwheel generators. The power is to be transmitted 
over 154-kv. lines where two circuits are considered 
and over 110-kv. lines where four circuitsare considered. 
These ratios of voltages and number of circuits are 
chosen in order that the maximum steady-state powers 

*See Bibliography I and Appendixes II and ITI. 
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under normal conditions may be equal. The curves in 
Part I show the results found in this particular study. 

As a result of studies such as this, and also of practical 
experience, a discussion of various factors has been 
prepared. On account of space limitations, this abridg- 
ment includes only a few of the items presented in the 
complete paper. 

APPARATUS 

(a) Generators 

(III) Damper Windings. Damper windings have 
two effects: the first, a damping action, and thesecond, an 
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increase in fault current and shock to the system. The 
latter effect is due to the reduction in generator nega- 
tive-phase sequence reactance. If the shock to the 
system is relatively smal’, a slight increase in shock, 
because of the reduction in reactance, will not be serious. 
If the shock is so severe that synchronism will be lost 
without damper windings, their presence cannot make 
matters worse. There will be a critical shock which is 
just great enough to cause instability when no damper 
winding is used. Calculations made on typical systems 
have indicated that with a shock of this magnitude, the 
beneficial effect of damping exceeds the disadvanta- 
geous effect of increased shock. Furthermore, the 
presence of damper windings produces a markedly 
beneficial effect in extinguishing arcs more quickly, due 
to the reduction in the recovery voltage. Therefore, 
the use of low-resistance damper windings on water- 
wheel generators would, in general, appear desirable. 
Such windings should be especially desirable in cases 
where stability is determined after several swings. 
Field tests are required to verify these data. 
(b) EHxeitation Systems 
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It has been definitely shown that regulators which 
act quickly are effective in improving stability. For 
example, as stated in paragraph (J) of the complete 
paper, under Generators, with proper regulators both 
steady-state and transient power limits may be materi- 
ally increased. ‘To accomplish this result it is necessary 
that the excitation systems be fast enough to respond 
sufficiently. The practical criterion of the speed of 
response necessary has been investigated and a tenta- 
tive figure of 200 volts per second determined.! 1° Field 
tests should be made on an actual system to verify 
this decision. 

The use of the appropriate type of regulator tends 
also to prevent hunting. 

(c) Neutral Impedance 

The effect of neutral reactors is in lower the shock 
when faults involving grounds are considered. 

For conductor-to-ground faults the benefit is very 
great, and it is considerable for two-conductor-to- 
ground faults also. Quick switching tends to reduce 
the gain due to reactors, but even with 0.2 second 
switching time they still have a considerable value. 
The improvements which may be expected from the use 
of neutral reactors are shown in Figs. 6 and 7. 

The amount of neutral reactance is necessarily a 
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compromise between gain in stability, reduction in 
circuit-breaker duty, reduction in current available for 
actuating relays, reduction in telephone interference, 
and an increase in phase voltage to ground during 
disturbances. 

The latter consideration becomes important in con- 
nection with lightning arresters and overvoltage relays. 
Studies have shown that when ground relays are used, a 
reactor of about two and one-half to three times the 
the reactance of the transformer is usually correct. 
In cases of sufficient importance, this figure should be 
checked by special calculation. The neutral reactance 
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so far discussed does not in any way approach the di- 
mensons of a Petersen coil, and therefore does not 
involve resonance phenomena. The Petersen coil is 
merely a reactor which permits a reactive fault current 
equal to the line charging current-to-ground under 
fault conditions, and this reduces the fault current to a 
low value.*}+ In addition, it operates to cause the 
voltage across the arc to recover slowly in case the are 
is extinguished. When the arc extinguishes, both the 
voltage across it and the dielectric strength of the are 
space begins to increase. The arc will extinguish per- 
manently if the recovery voltage across it is always less 
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than its dielectric strength.4 Thus the magnitude of 
recovery voltage is a measure of arc stability. The 
magnitude of the recovery voltage in the first quarter 
cycle depends on the degree of ‘‘tuning”’ and is propor- 
tional to the ratio of fault current with the Petersen coil 
to the fault current without the Petersen coil. Even 
with only a moderate degree of tuning, this ratio is 
small and experience shows that even on widely dis- 
tributed systems with large charging currents, the arc 
is unstable and goes out. Petersen coils are much used 
abroad, but have so far been used little in this country. 
Experience abroad would indicate that their use here 
should be reconsidered. 

Neutral resistors may be of two types; current- 
limiting and braking. The former is of relatively high 
resistance and acts primarily to reduce the shock to the 
generator and the system having the fault. The latter 
is of low resistance and is used to load the generator, 
thus providing a braking action. With this type of 
resistor the shock to the generator is reduced, while the 
shock to the system is increased. 

It has been shown" that the current-limiting type of 
resistor causes greater phase-to ground voltages than a 
reactance would for the same gain in stability. Further, 
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the reactor is usually cheaper. Therefore, in general, as 
a current-limiting device, reactors are preferable. 
Whether or not a braking type of resistor is preferable 
to a current-limiting reactor is a question which is not 
yet entirely clear. However, for general applications, 
the reactor appears preferable since the choice of 
braking resistor requires very careful study in each 
particular case, which is not the case with reactors. 
Furthermore with a braking resistor there is a greater 
danger of telephone interference than if either a current- 
limiting resistor or reactor is used. 
(d) Synchronous Condensers 

The authors believe that the use of synchronous 
condensers wholly or principally as an aid to stability 
is not, in general, desirable except, perhaps, in a few 
isolated cases. This belief is based on the observation 
of certain synchronous condensers under transient con- 
ditions and also on calculations of the type leading to 
curves shown in Figs. 24 and 25 of the complete paper. 
These curves show how slight is the gain obtained in the 
case for which the calculations were made. Thus it 
appears that normally condensers should be purchased 
only on the basis of their function in supplying watt- 
less kv-a. In other words, it is thought that in most 
cases the gain is not sufficient to justify them solely on 
the basis of their stabilizing effect. In cases where it is 
desired to increase any stabilizing effect they may 
accomplish, this may be done‘advantageously by pro- 
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viding a balancing type of regulator and high ceiling 
exciters. When considering the use of condensers, it is 
important to bear in mind that they may not, and 
apparently usually do not, increase the transient limit as 
much as the steady-state limit. 
(e) Governors 

From a stability standpoint governors should operate 
quickly and should possess anti-hunting features tend- 
ing to reduce swinging after disturbances. Governor 
operation in direct response to fault indication may 
prove desirable. F eld tests as an aid to improvement 
of governor characteristics under transient conditions 
would be very desirable. 
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Automatic control of frequency is being tried on 
certain systems; to the extent that each system and 
each station holds very closely to the exact system fre- 
quency, the problem of tie-line loading should be sim- 
plified and a corresponding improvement in stability 
will result. 

Switches and Relays 
When the duration of short circuit is low, the im- 
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pulse given to machine rotors is small, and hence 
stability isimproved. From this standpoint, therefore, 
high speed in both relays and circuit breakers is very 
desirable. 


TABLE I 
Power which may be 
carried through a two- 
Time of clearing fault conductor-to-ground 


in seconds fault 
0.0 100 per cent 
Ont 83 per cent 
OFZ 68 per cent 
0.3 56 per cent 
0.5 42 per cent 
O) 75) 33 per cent 


Table I shows the average reduction in power limit 
over transmission systems involving waterwheel generat- 
ing capacity due to delayed switching,* with power 
limit at zero switching time as reference, for two-con- 
ductor-to-ground faults. 


SYSTEM CONNECTIONS 
(a) High-Voltage Bus* 
The use of a high-tension bus either at the generator 
or system end of the line or as a mid-bus results in a 
maximum shock during the occurrence of a fault, but a 


*Wigs. 4 and 5 
voltage busses 


show the comparison between high- and low- 
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minimum reduction in synchronizing power after the 
faulted line has been cleared. If the shock is already 
small as in the case of a single-conductor-to-ground fault 
when neutral reactances are employed, or if the duration 
of the fault is short as when high-speed switches are 
used, this is a desirable arrangement from a stability 
standpoint. If these conditions do not exist, this type 
of arrangement may prove unsatisfactory. 
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Synchronous Reactance Diagram 
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Fig. 16—Dr1acram sHowine DISTRIBUTION OF RBACTANCES 
IN A SAMPLE SYSTEM WHICH HAS BEEN USED TO DmMONSTRATE 
THE Errect or Bus ARRANGEMENTS. Wurn LOW-TENSION 
Bus ARRANGEMENTS ARE CONSIDERED, THE R®ACTANCES ARE 
SIMILAR 


Reactance base 120,000 ky-a., 154 kv. 
Generator capacity 120,000 ky-a. 


(b) Low-Voltage Bus* 

A low-voltage bus has the advantage over a high-volt- 
age bus that the reactance to the fault is increased. 
On the other hand, when the fault clears, the synchro- 
nizing power is less than with a high-voltage bus. If 
there are several lines,—say four or more,—the low- 
voltage bus is very advantageous. A further advantage 
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\ 
is that high-speed switching is not required, provided 
that faults do not involve more than one conductor. 

For long distance transmission, this arrangement will 
usually be uneconomical, but for transmission over 
relatively short distances, it offers great promise. The 
curves in Fig. 2 show the indicated results with this 
arrangement. 

(c) Split Bus . 

Another solution is to use a low-voltage bus at the 
system end of the line and to split the lines at the gen- 
erator end, putting part of the generating capacity on 
each bus.*) ®»7 When this is done it is usually possible 
for the generators on any one line to ride through the 
disturbance occasioned by a fault on another. How- 
ever, for long distance transmission lines even with this 
arrangement a higher speed of switching than has 
heretofore been commonly available in the higher 
voltage switches will be required to insure stability. 
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It seems possible that high transformer reactance at 
the system end of the line may be beneficial with this 
arrangement since it teads to reduce the shock to the 
generators on the unaffected lines. This point is being 
investigated. 


CONCLUSION 


One outstanding conclusion which may be derived 
from the foregoing discussion is that the development of 
high-speed high-voltage circuit breakers and relays will 
mark the greatest single advance in the solution of 
present stability problems. 
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ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MARINE WORK* 


To the Board of Directors: 

The activities of the Committee on Applications to 
Marine Work this year were devoted chiefly to the 
consideration of future revisions in the Marine Stand- 
ards (A. I. E. E. Standard No. 45) and in further efforts 
to induce the U. S. Steamboat Inspection Service to 
arrange for proper recognition and classification of the 
electrical engineer on shipboard. Owing to the few 
active matters for consideration by the committee, and 
the unusual activity in new marine construction placing 
a large demand upon the time of most of the committee, 
the meetings of the committee were curtailed. 

For certain reasons not pertinent to this report, the 
committee’s progress with the U. S. Steamboat In- 
spection Service has been extremely slow, even though 
the committee has done considerable constructive work 
to assist in bringing about a solution. Apparently, 
certain obstacles have been encountered which will 
have to be economically dispensed with if our efforts 
are to succeed ; however, the committee is hopeful of a 
final solution which will obtain for the electrical engi- 
néer the recognition and classification which he deserves. 
It is recommended that the committee pursue this 
activity with unceasing efforts and possibly through 
other channels. 
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The past year has seen the following major marine 
activities in which electricity has contributed its full 
share: 

1. The placing in service of five turbine electric 
drive U. S. coast guard cutters. These ships use the 
dual-drive system for the auxiliaries. 

2. The placing in service of the 18,000-ship hp. 
twin screw turbine electric drive passenger vessel, S. S. 
Virginia, a sister ship to the S. S. California. 

3. The construction of a third 18,000-ship hp. 
turbine electric drive passenger vessel, S. S. Pennsyl- 
vania, a sister ship to the Virginia and the S. S. 
California. 

4, The construction of two 14,600-ship hp. twin- 
screw turbine electric drive vessels for the Ward Line. 

5. The construction of a 12,600-ship-hp. twin- 
screw turbine electric drive vessel for the Grace Line. 

6. The placing in service of three 4000-ship hp. 
single-screw Diesel electric drive cargo ships: M. S. 
Courageous, M. S. Triumph, and M. S. Defiance by the 
U. S. Shipping Board. 
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7. Several smaller craft utilizing Diesel electric 
drive. 

The results of the Jones-White Act are already being 
felt by the marine industry. A few large ships taking 
advantage of the provisions of this Act are in the course 
of construction and contracts for several large vessels 
are pending, most of which will probably employ 
turbine electric drive. 

The use of electric auxiliary machinery is established, 
and in most cases the auxiliaries throughout the ship 
are driven electrically. 


Abridgment of 


General Power Applications 
ANNUAL REPORT OF COMMITTEE ON GENERAL POWER APPLICATIONS* 


To the Board of Directors: 

Your Committee on General Power Applications has 
attempted to keep in close touch with the development 
of power applications during the year through the 
selection by the various members of the committee of 
specific industries in which they were deeply interested 
and on which they agreed to furnish a condensed report 
early in 1929. 

No attempt has been made to cover the entire in- 
dustrial field so that there are undoubtedly many new 
applications which have not been brought to the atten- 
tion of your committee. An effort was made, however, 
to cover the outstanding developments in basic indus- 
tries which should be a true measure of the advance 
during the past year. 

MARINE EQUIPMENT 

During the year 1928 there were placed in commis- 
sion or under construction, a total of 38 electrically- 
propelled vessels of various sizes and types ranging 
from the small river towboat to the most modern of pas- 
senger liners. The aggregate shaft horsepower of the 
electrical equipment in these vessels was over 182,400, 
of which 88 per cent was supplied by turbines and 12 per 
cent by Diesel engines. However, of the 88 vessels 
electrified, 24 were of the Diesel-electric drive. 

Outstanding developments in the application of 
electricity to marine work during 1928 were the launch- 
ing of the largest electrically-propelled passenger liner, 
the Virginia, the breaking of all existing speed records 
for capital naval ships by the airplane carriers, Saratoga 
and Lexington, and the installation on three freighters 
owned by the U.S. Shipping Board, of the biggest d-c. 
motors ever put ona ship. 


ELECTRIC RAILWAYS 


Although electric railways come under the jurisdiction 
of the Transportation Committee, there are several 
unusual applications of power in this field which it will 
be well to mention briefly. 

To speed up the classification of freight and to elimi- 
nate so far as possible the hazardous occupation of car 
riding, several railroads have adopted electric retarders 
in their hump yards. The apparatus required con- 
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sists of a motor and brake coupled to a gear mechanism 
adjacent to the retarder with remote-control to enable 
operation from conveniently located towers in the 
freight yard. 


The year also was marked by the number of oil 
electric locomotives and gas electric motor cars put in 
service by the railroads. Ranging in size from 60 to 
150 tons, and in power from 100 to 900 hp., oil electric 
locomotives were successfully used by both railroads 
and industrial plants. 


The popularity of the gas electric motor car is in- 
dicated by the total of 117 cars placed in service during 
the past year. These cars are rapidly replacing steam 
trains on the short branch line roads. 

Distillate fuel has been successfully used in place of 
gasoline by several companies operating gas-electric 
trains. This fuel has also been adopted by a large 
city transit company for use in its gas electric busses. 

In the street railway industry there has been a 
decided tendency toward lighter and faster motors, 
lighter car bodies, and improved methods of drive. 


STEEL MILL INDUSTRY 


The total horsepower of main-drive motors installed 
by steel companies during 1928 reached 212,300, with 
an average motor size of 1250-hp. Of this total, ap- 
proximately 80 per cent are d-c. machines. 

During the year there were several outstanding instal- 
lations where steam engine drives were replaced by 
d-c. reversing motors. The largest d-c. motors in the 
world are now found driving the big reversing mills of 
the steel industry. 


Strip mills area distinctly new development and are 
gradually replacing the old sheet mills for doing the 
same work. The new continuous hot strip mill of the 
American Rolling Mill Company at Middletown, Ohio, 
is the highest powered of any strip mill yet built. The 
main rolls are driven by 21,800 hp. in motors; four 
3000-hp., and three 2000-hp. d-c. motors on the finishing 
end, and 3800-hp. in induction motors on the roughing 
end. This mill purchases 66,000-volt power and has 
three 4000-kw. motor-generator sets to supply direct 
current for the main roll motors. 


MATERIAL HANDLING 


During the past year, industry as a whole was much 
benefited by the improvement and increase in the 
number of applications for handling materials electri- 
cally. In many cases the removal of the human 
element has resulted in astounding increases in plant 
efficiency, while in certain industries the development 
of proper equipment for handling odd shapes and sizes 
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generally conceded forever assigned to unskilled labor 
has effected considerable saving. 

In general the year was characterized by the applica- 
tion of mechanical handling to a wider variety of uses. 

Equipment for handling freight cars was further 
developed during the year. One of the newest type car 
dumpers, capable of dumping a car a minute, is being 
constructed for the New York Central Railroad at 
Toledo, Ohio. The total electrical equipment aggre- 
gates 3000 hp. and consists of both a-c. and d-c. motors 
with special control by means of variable voltage. 

Two other installations now under construction for 
loading ships, one at New Orleans and the other at 
Havana, Cuba, are of an unusual type. This equip- 
ment will load refrigerating cars on a ship specially 
designed with tracks to handle about 95 cars. These 
cranes will lift 165 tons at the rate of 50 ft. per minute 
and use two 250-hp. totally enclosed mill type d-c. 
motors for drive. These cranes are the first ever 
designed for loading and pmoadibe ships with standard 
freight cars. 

Prior to 1928 the largest electrical shovel was the 
8-cu. yd. or 300-ton shovel. A number of 12-cu. yd. 
capacity shovels was placed in service during the past 
year. Due to the extreme fluctuation of current 
demand, it was necessary to design special equipment 
for the drive and control of these shovels. Three 
motor-generator sets, with the generators all differen- 
tially wound, are capable of generating 750 kw. The 
four motors for the various drives aggregate 650 hp. 
One of these shovels recently established a new world’s 
record for material handled when it moved 15,497 cu. 
yd. of overburden in 24 hr. 

Numerous other improvements in material handling 
have been made during the year, especially in regard 
to the method of connecting the drive to the conveyor, 
as well as the use of anti-friction bearings, gear replace- 
ment of pulleys, and other similar refinements. 


PAPER INDUSTRY 

The paper industry was long since converted to motor 
drive of the main rolls, but this year has seen the prin- 
ciple pushed still further. Cylinder machines have a 
larger number of small rolls, baby presses, and cylinder 
molds, which heretofore have been driven by the felt 
carrying the paper pulp. The long, broad belt of high 
grade felt is decidedly expensive, and the practise of 
using it as a drive necessitated frequent replacements. 
A new mill at Port Townsend, Washington, eliminated 
this illogical expense; small motors, held in extraor- 
dinarily exact speed agreement, drive each element. 

Carbon pile regulators, which have been successful 
in the control of single-motor paper mills elsewhere, 
have been further developed to aid in the exact speed 
regulation of the Port Townsend machines. 

A variable-speed turbine with reduction gear was an 
important development in isolated power plant equip- 
ment for paper mills. The low-speed end of the gear 
is connected through sheave pulleys to the paper mill 
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and exhaust steam from the turbine is used in the can 
dryers. Speed can be held within very narrow limits 
between 65 rev. per min. and 390 rev. per min. on the 
driven shaft. This unit is rated at 475 hp. at 4200 
rev. per min. and operates at 110 lb. gage steam pres- 
sure with back pressures varying from 20 to 40 lb. gage. 


CEMENT INDUSTRY 


Productive capacity far in excess of normal consump- 
tion has caused the cement industry to turn to elec- 
tricity for economical operation. New plants are 
universally electrically driven while mechanical drives 
are rapidly being replaced in the older mills. 

Isolated generating plants utilizing the heat from 
cement kiln gases are still popular although during the 
year several contracts were signed with public utilities 
calling for an interchange of power. While this ex- 
change provides an outlet for the excess power of these 
plants, it also places a premium that formerly did not 
exist on economies in power generation and mill 
operation. 

Notable developments have been several specialized 
types of synchronous motors designed to provide the 
high torques necessary for heavy crushing and grinding 
machinery. 

Another application of the synchronous motor is on 
hammer mills. A novel feature of this installation is the 
overload relay. When the overload is great enough to 
pull the motor out of step, the relay operates, cutting off 
the material being fed to the hammer while permitting 
the motor to regain speed, running as a straight induc- 
tion motor. 

Push-button control has become almost universal, 
even for motors of the smaller sizes. One large mill, 
completed this year, points with pride to the elimination 
of starting equipment other than push-button con- 
trolled, full automatic circuit breakers of high inter- 
rupting capacity. Low starting kv-a. of the motors 
has made such installations possible; in some cases, the 
motor starts directly across the line. 

An important application of specialized control is the 
automatic blending of dry cement materials as de- 
veloped in connection with the Fuller-Kinyon System. 
The Fuller-Kinyon pumps handle the pulverized rock 
mixture like water, and a very ingenious control system 
for the pumps and valves has been designed. Electrical 
interlocks and time clock regulation permit almost un- 
limited combinations for blending the contents of bins 
or silos to produce a constant quality feed for the kilns. 


MINING 
The coal mining industry. endeavored during the past 
year to solve many of its troubles by the wider applica- 
tion of electricity and the adaptation of more adequate 
and more efficient machinery. 
An outstanding feature of the year was the new mine 


locomotive built for the Pemberton Coal and Coke 
Company, Bluefield, W. Va. This locomotive, although 
weighing only 30 tons, develops 532 hp. and will haul.a 
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full load of 168 tons up a 1.5 per cent grade at 1014 mi. 
an hour. Electropneumatic control and air-brakes are 
features which are most unusual on this type of loco- 
motive. 

Ore Reduction. The first commercial size plant in 
this country to utilize the Tainton process, 7. é., strong 
acid and high current density for the electrolytic re- 
duction of zinc, was installed by the Sullivan Mining 
Company at Kellogg, Idaho. Current is supplied by 
two three-unit 4000-kw. motor-generator sets. 

The Anaconda Copper Mining Company during 1928 
put in operation the largest motor-generator sets ever 
used in an electrolytic zinc plant. There are four 
three-unit sets, each rated at 5500 kw. 


OIL INDUSTRY 

_ As the oil industry passes the stage of adventuring 
with its picturesque engine and rig, and becomes more 
and more a leading industry with an economic problem 
of conservation, it is marked by the application of 
electricity to give the best results at the lowest cost. 
Well-drilling has become an affair requiring large capi- 
tal, as several wells have already cost over a quarter 
of a million dollars and have reached depths of over 
8000 ft. One well in West Texas has been drilled 
8255 ft. or 1.56 mi. deep and is the deepest hole ever 
dug by man. Two 25/65-hp. oil well motors, driving a 
cable tool rig, supply the power for the drilling which is 
still continuing. 

Until very recently it was thought impossible to 
apply centrifugal pumps to oil pipe lines. A develop- 
ment of suitable high-speed centrifugal pumps which 
would not emulsify the oil enabled the economic use of 
electrical drive. A new pipe line, 400 mi. long, went into 
service during the past year, using this equipment. 
Forty-four 400-hp. squirrel-cage, 1800-rev. per min. 
motors drive the pumps in the 13 stations along its 
length. 


ELECTRIC WELDING 


Only a few of the more important developments in 
electric welding can be mentioned in this short résumé. 
One of the most important advances has been the in- 
creased size of the electrode used, which, in general, 
reduces the time for welding in about the inverse pro- 
portion to the size of the electrode. 

Another development of considerable importance is 
the introduction of the new atomic hydrogen method of 
electric welding, which makes possible the welding of 
thin metals and alloys that could not be welded before 
because of the oxidation of the materials by the heat of 
the arc. This new method introduces hydrogen gas 
into the are flame, the gas being broken down into 

atomic hydrogen by the heat of the arc. This atomic 
hydrogen effectively prevents oxidation of the materials 
so that a satisfactory joint can be obtained. This 
enables countless small objects, which otherwise would 
require more expensive methods of union, to be welded. 
The importance of electric welding in the industrial 
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field can be emphasized by the faith of the Ford organi- 
zation in this type of welding. It is stated that the 
Ford Company has recently expended over $100,000,000 
for equipment and methods to produce their new model 
““A”’ car, which depend primarily on electric welding. 
Here electric welding is reduced to an almost automatic 
process requiring very little personal supervision. 

A new process was developed for producing electri- 
cally-welded railroad ties from scrap rails, which is done 
entirely automatically and produces a very satisfactory 
tie at a low cost from scrap material. 


INDUSTRIAL HEATING 


During 1928 the use of electricity for industrial 
heating has increased rapidly due to the development 
work of the manufacturers and the recognition of the 
central stations to the desirability and importance of the 
load. 

Electric Stereotyping. The first electric stereotype 
pot was built and installed in 1925, but it has been 
during the past year that most of the large installations 
were made. More than 100 are now in operation, vary- 
ing in size from 40 kw. for small pots to 360 kw. for 
large 9-ton pots. The pots make use of an immersion 
element placed in the lead with automatic temperature 
control. The total load in many metropolitan plants 
runs from 800 to 1500 kw., connected load, for this 
service. Indications point to the complete electrifica- 
tion of stereotype pots in the next few years. 

Silk Moistening. An important application has oc- 
curred in the full-fashioned hosiery manufacturing field 
for the moistening of silk before passing through the 
needles of the knitting machine. Units consisting of an 
insulated box, containing water with felts for the silk to 
pass through and having electric heating units of 173 
watts each, are placed so that from 3 to 7 threads are 
moistened on the way to the needles. 

The water is kept at about 160 deg. fahr. and the 
evaporation of water moistens the felt so that the silk 
picks up enough moisture to eliminate back winding. 

Loads of 990 kw., connected in one plant, have been 
noted, and in the Philadelphia district, approximately 
2000 kw. is in use in this class of business. 

Electric Brazing Furnaces. The application of elec- 
tric furnaces to copper brazing steel parts together has 
made possible the assembly in one operation of com- 
plicated structures from simple parts by a strong alloy 
weld. This is accomplished by placing copper wire or 
chips next to joints to be brazed, and then heating the 
assembly in a furnace containing a hydrogen atmosphere 
to a temperature above the melting point of copper. 

In the process of brazing, the hydrogen performs the 
function of a flux as well as excluding air from the 
heating chamber. 

Both intermittent and continuous types of furnaces 
are in use for this work and have extensive application in 
the assembly of refrigerator evaporation shells. 

The use of protective gases in other type electric 
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furnaces is recognized as metallurgically beneficial in 
the heat treatment of various steels and in cases where 
bright annealing is essential. 

High-Frequency Furnaces. Recently the application 
of the high-frequency induction type furnace to melting 
and heat treating steel has been given greater considera- 
tion. Furnaces are in use for making cast steel in ingot 
form for production work and for heat treating high- 
speed steel in liquid baths. 

Gray Iron Melting. The application of the indirect 
arc type electric furnace to the production of synthetic 
cast iron is a comparatively recent development. Gray 
iron borings from the manufacturer’s machine shop, 
which have a very small market value, are utilized in 
the production of iron of good physical properties, and 
the over-all melting cost per ton is less than that for 
cupola operation. This has opened a new field for 
development in the iron industry. 


CONTROL 

During 1928 improvements in design and applications 
of control have been in keeping with the general trend 
of the past several years. Although a great many 
individual instances could be cited, a few general 
examples will be sufficient to indicate the general trend 
of the various types of control equipment. 

Most of the motor control is now of the definite time 
accelerating type. A time—current control has devel- 
oped for d-c. equipment which provides maximum time 
saving in motor acceleration within predetermined 
current limits under conditions of light or normal loads 
and forced acceleration at a predetermined rate where 
the load is too heavy for the motor to start with the 
normal accelerating current setting. 

The conventional form of master switches, using 
segments and fingers, has been replaced in the last few 
years by the cam-operated switches. The past year 
produced further development of the cam operation, 
special attention being paid to simplicity of design. 
An outstanding example of this is a small, compact 
device which was designed to fulfill three purposes,— 
controller, disconnect switch, and overload relay. A 
complete line of master switches was also produced 
which required only a few different fundamental cams 
to obtain a great variety of combination of contact 
sequence. Still another indication of the trend towards 
simplified design is in the compact limit switch de- 
veloped for use on motor-driven valve equipment. By 
means of intermittent gears it is possible to get an 
adjustment of from 1 to 1865 turns on the valve stem. 

Push-button control incorporating simplicity and 
sturdiness of design without sacrificing dependability 
of service is rapidly replacing the cumbersome and 
complicated control systems of a few years back. 


MISCELLANEOUS APPLICATIONS 


Rubber Industry. The large expansion of this 
industry in the past few years has caused engineers to 
devote their attention to new plants and extensions 
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to present mills rather than the development of new 
applications. The slow-speed synchronous motor has 
been the predominant type in new installations. Full- 
voltage starting, together with dynamic braking, has 
been almost universally adopted. All new installations 
have the thermal, and particularly the thermostatic, 
type of overload protection. ; 

Power Applications in Telephone Industry. Power 
applications in the telephone industry are naturally 
limited. The drives that are used generally make only 
small power demands and are commonly rather special 
in their nature. Special motors are required for tele- 
vision and sound pictures, with very ingenious speed 
regulation; but they are of too narrow scope for discus- 
sion in this report. The development of large capacity 
filters to eliminate noise-producing ripples in the gen- 
erating current has permitted the application of stand- 
ard generators for telephone battery charging. 

Small Motors. Improvement in design of small 
motors was apparent during the year. Single-phase 
motors received a great deal of attention, and the im- 
provements made will be of considerable advantage to 
various industries. 

Single-phase repulsion induction motors, ranging in 
size from 34 to 2 hp. at 1800 rev. per min., were pro- 
duced with a high-starting torque and constant speed. 
Better magnetic utilization of the steel was accom- 
plished in these motors by using square stator punchings 
with graded slots. 

Single-phase condenser motors having practically 
the same efficiency as a two-phase motor and operating 
at or near 100 per cent power factor were designed. 
The motor develops even more torque than the two- 
phase motor, whereas the current required is consider- 
ably less. 

Recent tests in the textile industry have indicated 
the desirability of applying the a-c., brush-shifting, 
shunt-characteristic polyphase motor for obtaining 
variable speed in the spinning of cotton as well as 
worsted yarns. 

Electric Elevators. The development of high-speed, 
full, and semi-automatic elevators was furthered during 
the year. Deficiencies affecting the riding qualities of 
elevators in the automatic control of the rates of ac- 
celeration and retardation were removed by the applica- 
tion of a small auxiliary d-c. machine to act upon the 
generator field of the motor-generator set of the genera- 
tor-voltage type of elevator drive. By this means, the 
acceleration and retardation are caused to begin at 
very moderate rates, increase to higher rates and again 
diminish as the speed change nears completion. 

An automatic leveling system was developed, em- 
bodying a radical departure from previous practise. 
This system utilizes radio-frequency devices wherein, 
the position of the car with respect to the floor controls 
the leveling speed of the elevator accordingly. The par- 
ticular advantage of this control is the elimination of all 
mechanical engagement with its noise and ultimate 
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deterioration, a minimum clearance of 3 in. existing 
between the parts on the car and the corresponding part 
in the hatchway. 

Printing. The main advance during the past year 
in the printing industry has been the increase in the 
speed of the presses. Where a few years ago, 24,000 to 
25,000 papers an hour were considered good production, 
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presses today operate at the rate of 60,000 to 75,000 
papers an hour. This has meant the application of 
higher speed motors in some cases, while in others, it. 
was simply a matter of increasing the gear ratio. The 
horsepower of the motors has increased in proportion, 
while new improved and simplified methods of control 
have accompanied the change. 


Spray and Fog Tests on 220-Kv. Insulators 


BY R. J. C. WOOD: 


Associate, A. I. E. E. 


Synopsis.—To determine insulation for an outdoor 220-kv. 
station on the coast subject to ocean spray, an insulator test rack was 
installed at Redondo, California. 

Ten types of insulator, including widely different designs, were 
tested continuously for two years and a half at 150 kv. to ground. 
Comparative results were obtained by adding or subtracting units in 
suspension strings until an equality against arc-over was approx- 
wmated. Ninety arc-overs occurred. 

The surface leakage resistance was found to be a fair index of the 
resistance to arc-over under salt spray conditions. The shape of the 
ansulator made no difference as long as the total surface resistance of 
the string remained the same. 


INTRODUCTION 


N the latter part of 1926 it was seen that it would soon 
become necessary to decide upon the kind of insula- 
tion to be used in the Southern California Edison 

Company’s 220-kv. outdoor station that was to be built 


Fig. 


SMALL TRANSFORMERS Usep as REACTORS. 


1—Terst Rack, ENnercizIng TRANSFORMER, AND Two 


Looxina Nortu 


at Long Beach, on the coast south of Los Angeles. 
A test rack was therefore set up at Redondo on the 
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The surface resistance is that calculated upon the assumption of a@ 
uniform conducting coating upon all the exposed surface of the 
insulator and is the line integral of distance divided by circumference 
along the shortest surface path from cap to pin. 

Accidental differences of conditions are such that one insulator 
string would not consistently arc-over in preference to another wnless 
ats surface resistance were less than 80 per cent of the other. 

Suspension strings having a total surface resistance of 11.0, using 
inch units, were found satisfactory for a steady 150 kv. to ground 
under the conditions at Redondo. 

A spray method of cleaning insulators while energized was 
devised. 


coast, the location being chosen as one of the most 
subject to ocean spray and fog upon the system, and 
where considerable insulator trouble on both 66-kv. and 
16-kv. lines had been experienced. 


CLIMATIC CONDITIONS 


The storm winds are westerly and drive the spray 
from the ocean surf directly into the test rack, the 
accumulation of salt upon the insulators having been 


Fia. 


2—Terst Rack. Looxina SourTHwEST 

such at times that during the heat of the day small crystals 
of salt have been observed scattered all over the surface 
of the porcelain. At night the deposition of moisture 
upon the insulators is frequently sufficient so that they 
drip and the sandy soil underneath is all pock marked 
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from the dropping water. In addition to the salt deposit 
there is a certain amount of dust and sufficient soot 
to blacken any rag used for cleaning. 

The time of year during which arc-overs are most 
prevalent is from March or April until the first rains of 
the season, which may come in September or October. 


DESCRIPTION OF APPARATUS 
The rack illustrated in Figs. 1, and 2, was situated 


Test Rack 4,500 Ky-a 
150,000/15,000 Volts 


150 Kv-a 150 K 
15,750/460 Volts 460) 16 (500 Volts 


Station Bus 16,800 Volts 


Fic. 3—DIAGRAM OF CONNECTIONS BETWEEN StTaTIon Bus 


AND Trst Rack 


about 500 ft. from the ocean front. The pipe bus was 
energized to 150 kv. to ground. 

Electrical connections were as in Fig. 3, the two 150- 
kv-a. banks of transformers in series with the 4500-kv-a. 
transformer being used as reactors to limit the short- 
circuit current to 10 amperes over an insulator and 100 
amperes on the station bus. 

To indicate which of the insulator strings had arced- 
over, a one-ampere enclosed fuse was connected between 
each insulator string and the bus. These fuses were 
further protected against weather and corona by short 
lengths of one-inch pipe and may be seen in Figs. land 2. 

The types of insulator tested are shown in Fig. 4; 
some of their physical constants in Table I. The 
quantity called “Surface Resistance” is not any 
measured resistance, but is the calculated surface 
leakage resistance from cap to pin of a single insulator 
unit, assuming the exposed porcelain surface to be 
uniformly coated with a conducting layer. Should the 
conducting layer have a resistance of one meghom per 
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square inch, then the figures of Table I give the surface 
resistance from cap to pin in megohms. 


The rack was kept energized both day and night 
whenever possible; an arc-over would cause the relays 
to open the main 16-kv. switch; the operator would at 
once close the switch again; if upon the third trial the 
arc-over still persisted the switch would be left open until 
the next day. Arc-overs practically always occurred 
during the night when fog or dew was heaviest. 


PROGRAM OF TESTS 


During the period from January 1, 1927, to June 1, 
1928, a number of rather long suspension strings was 


Fic. 


4—Tyrrs or INsuLaToR UNpER TEST 


under test, no changes being made except to disconnect 
two short strings of 18 Type A and 13 Type D which 
arced-over. 

The strings under test during this period are detailed 
in Table IJ. They were all washed by hand on February 
9,1927. 6-E and 6-J were washed immediately after 
each arc-over, and 5-J was washed frequently as 
described later. 


TABLE I 
PHYSICAL CONSTANTS OF INSULATORS: INCH UNITS 


Resistance per Axial length Resistance per 
Type Diameter Leakage distance Surface resistance inch leakage per unit axial inch 

A 10 10.75 0.651 0.0605 5.75 0.1132 
B 9 20.0 1.062 0.0531 6.5 0.1634 
0] 9 18.25 0.955 0.0523 6.5 0.1468 
D 10 11.0 we ie 5.37 os 

E 17 33.0 1.163 0.0352 14.5 0.0802 
F 11 16.5 0.811 0.0492 5.75 0.1411 
G 10 13.12 0.715 0.0545 5.75 0.1244 
H 10 15.5 0.837 0.0540 5.75 0.1455 
a LZ 33.0 1.163 0.0352 14.5 0.0802 
K 14 16.5 0.848 0.0514 6.6 0.1285 
L 14 19.0 0.908 0.0478 6.6 0.1375 
M 14 16.5 0.848 0.0514 8.0 0.1060 
N 14 19.0 0.908 0.0478 8.0 0.1135 


Note: Resistance is not easily calculated for Type D. 


From test results it seems to have approximately the same resistance as Type A. 
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Beginning June 1, 1928, the program was changed. 
Strings 8-H, 7-H, 6-E, were removed (the number and 
letter designating the number of units of a certain type). 

The other types in service had the effective number of 
units in a string reduced by short-circuiting any required 


TABLE II 
INSULATOR STRINGS UNDER TEST 1-1-27 TO 6-1-28 


Number Type and Leakage Surface 
in string position distance resistance |Period under test 
13 A suspension 140 8.47 1-1-27 to 3-12-27 
17 A “ 183 11.06 1-1-27 to 6-1-28 
15 AA dead end 161 9.77. |1-14-27 to 6-1-28 
* 
15 AA “ ee 161 DRE 1-14-27 to 6-1-28 
12 B suspension 240 12.75 1-1-27 to 6—-1-28 
13 D st 143 ae 9-23-27 to 2-1-28 
6 E s 231 6.98 1-1-27 to 6—1-28 
ia E fe 231 8.14 “s as ss 
8 E af 264 9.30 eels s 
5 J post 165 5.81 Ce GG 
6 af 198 6.98 < 
if J 231 8.14 ss cS 
15 K suspension 248 12.72 ss ee eg 
12L+4 3) K “ 278 13.43 2-10-27 “ ss 
12 M os 198 10.17 1-1-27 “ se 
12 N oe 228 10.89 2-10-27 “ 4 


number of units, at the upper end of the string, with 
wire. 

The general practise was then followed of adding a 
unit, by moving the short-circuiting wire, on any one 
string after it had arced-over on two separate days. 
This wire device enabled units to be added or sub- 
tracted without handling the units and changing their 
surface condition. 

It was expected in this way to arrive gradually at an 
equality in the different strings. 

Types H and G were not put on test until October 
15, 1928; Types C and F were added January 10, 1929. 

In order to get comparative results, types C, F, G, H, 
N, M, were all washed by hand on January 15, 1929, so 
as to have them in the same condition as the recently 
added types. None of the other suspension strings had 
been washed, except by natural rains, since February 
9, 1927, and they were now left in that state but reduced 
in number of units per string and the process of building 
up to an equality started in again. 

On June 15, 1929 the program was again changed and 
all types, except the posts J, had units added until 
there was one more unit in each string than the max- 
imum number that had arced-over at any time. 


ARC-OVERS 


The first period of the test showed that neither the 
five- nor six-unit post, type J, would be satisfactory 
without periodic cleaning; it was found feasible, how- 
ever, to spray the five-unit post with water, while 
energized, without danger of its arcing-over, provided 
the spraying were done frequently. Cleaning once a 
week apparently kept this post in good condition. The 
special spray nozzle used washed practically the entire 
porcelain surface. 

13-A, 13-D proved inadequate, each arcing over twice. 
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There were six arc-overs on 6-H in suspension and three 
on 6-J as a post, in each case the insulator being hand 
washed immediately after arcing-over. This differencein 
behavior between post and suspension may have been due 
to the slight difference in the shielding, or to the cap in 
one case and the pin of the insulator in the other being 
at bus potential or, what seems most probable, that at 
the greater elevation above ground of the suspension 
string there was a greater wind velocity and more 
spray and dirt were deposited upon the porcelain; heat 
radiation would also be greater in the more exposed 
position and deposition of dew greater,—all of which 
would render the suspension string more liable to arc- 
over than the post. The post 5-J arced-over four 
times but not after regular washings were inaugurated. 
No relative values for the remaining suspension strings 


PERCENTAGE ‘LEAKAGE DISTANCE 


Fic. 5—Comparison or Types UPON A LEAKAGE DISTANCE 


Basis 
The insulator string having the shortest leakage distance is not always 
the one to arc-over. Each cross shows the percentage leakage length of a 


string that was shorter than the one arcing-over. A circle shows the 
shortest arcing-over. 


were obtained as none arced-over. 
were 17 arc-overs in this period. 

From June 1, 1928 to September 80, 1928 there were 
30 arc-overs. The first rain of the season occurred 
October 11, 1928, and no further arc-overs took place 
until March 4, 1929. From March 4, 1929 to July 19, 
1929 there were 48 arc-overs, giving a total of 73 arc- 
overs from which to analyze the relative performance of 
the different types of insulator. 


ANALYSIS OF ARC-OVERS 


In Fig. 5 each flashover has been plotted with a view 
to seeing whether the leakage distance might not be the 
controlling factor in are-over; if so, the string arcing 
over should have the least leakage distance of all under 
test. When this was the case it was plotted as a circle at 
100 per cent. When, however, there were one or more 
strings having lower leakage distances than the one 
arcing-over, then they were plotted as crosses showing 
their leakage distances as a per cent of that of the string 
that arced. Thus in Fig. 5 any type which has many 


Altogether there 
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low-percentage plots is apparently not so good as one in 

which the plots are of a higher percentage, remembering 

that the comparison is hot unit per unit, but is based 

upon strings of equal leakage distance. 

_ It is seen at once that this basis of comparison is not 
entirely satisfactory. Due to the unavoidable variations 


PER CENT SURFACE RESISTANCE. 


Fig. 6—CoMPpaRISON oF TYPES UPON A SURFACE RESISTANCE 


Basis 


Each cross shows the percentage resistance of-a string that was less than 
that of the one arcing-over. A circle shows the lowest resistance arcing- 
over 


in amount of deposit, dew, wind, no two strings of 
insulators subjected to field conditions would ever 
behave exactly in accordance with any of their physical 
dimensions, except by accident. It would, however, be 
expected that they would average in some relation to 


SURFACE RESISTANCE 


Fig. 7—CompParIsoN or Types BY Parrs UPON A SURFACE 


RESISTANCE Basis 


The string arcing-over is marked with a circle vertically over or under the 
one not arcing. Insulators not washed since Feb. 9, ’27 


some measuring stick, each exhibiting departures on 
either side of amean. When these departures from the 
mean were the same for each, then they would be 
considered as equal, according to the particular basis of 
measurement chosen. Extending this argument to a 
number of different types of insulator, a true basis of 
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comparison will have been found if in such a plot as 
Fig. 5 all the types exhibit equal divergencies. It is 
seen at once that Fig. 5 fails chiefly with respect to 
Type J, which by reason of its position should show up 
better than all others. Fig. 5 shows it as the worst. 
The intercomparison of the other types is fair in view of 
the fact that C, F, G, H, N, M, were all washed January 
15, 1929, and would be expected to show up better than 
the others last washed February 9, 1927. It will be 
found significant that the ratio of surface resistance to 
inch of leakage distance does not vary over a wide range 
until Type J is considered. 

In Fig. 6 a plot similar to that of Fig. 5 is shown, the 
total surface resistance of the string, instead of the 
leakage distance, being made the basis of comparison. 
Type D is given an arbitrary resistance per unit equal 
to that of Type A for reasons referred to later. This 
plot exhibits a much greater uniformity than Fig. 5. 


SURFACE RESISTANCE 


Fic. 
RESISTANCE Basis. INSULATORS NOT WASHED SINCE JAN. 15, ’29 


S8—CoMPARISON OF TYPES By PAIRS UPON A SURFACE 


Types A, B, K, L, AA, D are practically identical as to 
the range covered and are all types not washed since 
February 9, 1927. Types C, F, G, H, also have about 
the same range; M and WN are restricted in range but 
the number of observations is small for each. The same 
qualification applies to type J; however, J is now in its 
proper place, not having arced-over unless it had the 
lowest resistance, which is as it should be considering its 
preferred position near the ground. 

As a further test of the supposition that the surface 
resistance is a comparative measure of the resistance to 
are-over, a direct comparison between types, taken in 
pairs, covering the whole period January 1, 1927 to 
July 19, 1929 is given in Figs. 7 and 8. 

Comparing for instance Types A and B, each arc- 
over that has occurred upon either one of these is 
plotted, showing in the same vertical line the surface 
resistance of the two strings, the one that arced-over 
marked with a circle, and the one that did not, witha 
dot. Drawn lines connect points of the same type and 
do not represent any relation between coordinates. 
Type D has arbitrarily been assigned such a resistance 
per unit as would make it best fit the comparisons 
A-D and D-B, A and B being radically different designs. 
This arbitrary resistance of D turns out to be the same 
per unit as the calculated value for A. 

If there were none of the accidental variations 
previously referred to and the surface resistance were an 
exact measure of the arc-over resistance, then the cirele 
points would always be on the lower line. This is not the 
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case, considering those pairs of points where the higher 
resistance string has arced-over. The amount of the 
discrepancies is shown in Table III. 


TABLE III 
PERCENTAGE DISCREPANCIES OF FIGS. 7 AND 8 


Average difference in sur- 
Pair of types face resistances as per 
considered cent of the greater Period of test 
A-B 5.38 1— 1-27 to 7-19-29 
B-C 7 Z 07 “ “ “ 
A-D 6.15 < ‘ s 
D-B 2.76 : 
A-L 4.17 g 
B-L 4.40 ‘ 
B-K 8.60 € 
K-L 8,22 ‘ 
B-J 0) R 00 “ec “ “ce 
N-C 3.72 1-15-27 to 7-19-29 
M-C iL 3 28 “ec “ce “ec 
k= 5 : 80 “ “ “ 
G-C 0.12 i ‘s ns 
H-C 8 “i 23 “ce “ “ce 


It will be noted that the discrepancies are not large 
after all, considering the nature of the original data, 
and it is certainly impossible to assign to any one type 
rather than another any materially greater liability to 
arc-over when equal surface resistances of each are 
taken and exposed to the same conditions. 

It therefore appears that the surface leakage resis- 
tance is a close measure of the ability of these types of 
insulators to stand up under such conditions as are 
found at Redondo and that there is no particular virtue 
in one shape over another, except in so far as it may 
afford more surface resistance and enable a fewer 
number of units to provide the total required. 

There is a limit to the reduction in number of units 


TABLE IV 
LIMITS REACHED IN ARO-OVER, LEAKAGE, AND RESISTANCE 
Max. Min 
number | number | Leakage | Distance Surface | Resistance 
arced- not arced- not arced- not 
Type over arced over arced over arced 
A 16 1b 172 183 10.41 11.06 
B 10 11 200 220 10.62 11.69 
Cc 9 10 164 183 8.59 9.55 
D 16 17 176 187 10.41 11.06 
E 7 8 231 264 8.14 9.30 
F 11 12 182 198 8.92 9.73 
G 12 13 158 171 8.58 9.30 
H 11 12 ipa 186 9,21 10.04 
J A Ae 231 = 8.14 ag 
Ky 12 13 198 215 10.17 11.01 
L 11 12 209 228 9.99 10.89 
M 10 12 165 198 8.48 10.17 
N 9 11 171 209 S17 9.99 


Note: Resistance per unit of ‘‘D’’ assumed equal to that of ‘‘A’’. 


per string imposed by ordinary dry and wet arc-over 
requirements and the danger of puncture when too few 
thicknesses of porcelain are used between line and 
ground. It would seem conservative to satisfy the 
ordinary line conditions as to number of units and then 
choose the type and perhaps greater number of units 
which will furnish the necessary surface resistance to 
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suit the locality at the minimum of cost for both in- 
sulators and supporting structures. 

The final results of the elimination contest are shown 
in Table IV. 

It is seen that strings having a surface resistance of 
from 9.99 to 10.62 have arced over, these strings having 
gone through the whole period of the test from 1-1- 
27 to 7-19-29 without being artificially washed, but 
that the strings washed 1-15-29 had in competition 
with them arced-over resistances of from 8.17 to 9.21, 
showing to some extent quantitatively how the washing 
done by natural rains compares with careful artificial 
cleaning. It further seems that a string with surface 
resistance of 11.0 will satisfactorily insulate against a 
steady 150 kv. to ground for three years under climatic 
conditions similar to those encountered at Redondo. 

Acknowledgments are due practically all the in- 
sulator manufacturers for their ready response with 
samples of “fog type” insulators without which it 
would have been impossible to arrive at such definite 
results. 


CONCLUSIONS 


1. Insulators may be compared, as to their ability 
to withstand arc-over under spray and fog conditions, 
by their surface leakage resistance, calculated as the 
line integral of length divided by circumference along 
the shortest surface path from cap to pin. 

2. There is no virtue in any particular shape except 
as it provides surface leakage resistance. 

8. One insulator string will not consistently are-over 
in preference to another unless its surface leakage 
resistance is less than 80 per cent of that of the other. 

4. A surface leakage resistance of 11.0, in inch units, 
per string, appears sufficient for a steady voltage of 
150 ky. to ground with conditions as at Redondo, Calif. 
On a line, allowance may have to be made for surges. 


5. It has been found practical to clean some in- 
sulators, while energized, with a water spray and thus 
use a smaller number of units than would otherwise be 
safe. 


An investigation of concentric and parallel duplex 
types of trailing cables made by the Bureau of Mines 
engineers leaves no doubt as to the greater relative 
safety of the parallel duplex cable for use on bureau- 
approved equipment, and it is hoped that after a careful 
study of the matter presented as a result of these in- 
vestigations, the industry will arrive at the same con- 
clusions and take steps to use the safest type of cable. 

Field inspections showed that from the standpoint of 
reeling there is some preference for concentric cable. 
However, at mines where reeling difficulties have been 
overcome it was shown that if proper spooling devices 
are used practically no trouble is experienced in reeling 
parallel duplex rubber-sheather cable. 


Applications to Mining Work 


ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MINING WORK* 


To the Board of Directors: 


In the past many criticisms have been made against 
the mining industry as being backward in modern 
developments. Certainly such criticisms are no longer 
justified to the same extent as a decade or two ago. 


During the past year there have been many develop- 
ments of electrical apparatus for mining work and the 
operators have not disregarded the applications offered. 
In fact, the operators have sought relief in every possible 
way to reduce operating costs. Over development 
during the war has not been absorbed by increased 
consumption of coal. This is largely due to rapid 
improvement in efficiency in large electric power plants, 
electrical interconnection, and in improved railroad 
performance. 


Metal mines have been similarly affected from over- 
development and lack of increased demands. 

It is generaly predicted that both coal and metal 
mining are entering a new era of development. Further 
mechanization is considered as a solution to the problem 
of cost reduction. Mechanization implies further 
electrical application to all types of mining equipment. 

A few years ago there was considerable discussion 
on superpower systems. Without a great deal of 
publicity these superpower systems have developed 
until now practically every industrial and mining field 
is served from high-voltage interconnected lines re- 
ceiving energy from large efficient power plants. Thus 
it is logical that the major part of the further electrifi- 
cation and mechanization of mines will be served from 
the electric utilities. 

Hoists. Due to high cost of equipping shaft mines 
with electric hoists the change over from steam to 
electric is slow. One such change over a medium 
capacity mine is worthy of note, not for its size but for 
the rapid cycle. A 750-kw. synchronous motor-gen- 
erator set supplies an 850-hp., 116-rev. per min. motor 
through Ward Leonard control.! 
ff The hoist operates in balance and is designed for 
230 trips per hour from a depth of 282 ft., with a maxi- 
mum rope speed of 3300 ft. per min. The cycle 
allows for 5 sec. acceleration, 1.65 sec. full-speed run- 
ning, 5 sec. retardation, and 4 sec. caging. Actual per- 


*COMMITTEE ON APPLICATIONS TO MINING WORK: 
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A. R. Anderson, 
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formance of 258 trips per hour has been attained by 
reducing the caging or stop period to two sections. 

The motor-generator set is remote-controlled from 
the operator’s platform. No auxiliary hoist motor is 
provided. The hoist is controlled through master 
controller and time limit relays for both acceleration and 
retardation. 

In the mountain mines, a-c. motors have been applied 
for control and regenerative braking to control heavy 
descending loads previously handled by large drums 
and mechanical brakes. The power saving is ap- 
preciable and safety of control is valuable. 

Fans. Synchronous motor drives for fans have been 
applied in sizes up to 500 hp.? Increased efficiency 
and improved power factor are accomplished. 

Continued applications of automatic starters for 
fan motors have proved desirable to reduce to a 
minimum the delay in the restarting of fans after power 
interruption. 

Motor-Generator Sets. Automatic substations for 
motor-generator sets have increased in number both 
to save in labor of attendance and to provide better 
service for supply of direct current to remote load 
centers. 

Automatic power-factor control on synchronous 
motors has been accomplished on several sets. 

Cleaning Plants. With the mechanical loading of coal 
being accomplished and with more discriminating buyers 
of coal, the industry has turned to mechanical cleaning. 
Several large bituminous coal cleaning plants were 
completed during the year. Thus, the soft coal in- 
dustry is approaching the practise of the anthracite 
breakers. These wet washing plants use around 150 
motors of various sizes, aggregating some 1200 hp. 
connected load. Texropes or V-shaped multiple belts, 
permit of standard motors in most applications to 
secure proper speed reduction in short space. Three 
such plants on one public utility service add a very 
desirable day load. 

Shovels. In metal mining the 38-, 4-, and 5-yd. 
electric shovels using shunt motors and Ward Leonard 
control continue to be installed to effect economies. 

Additional 15-yard stripping shovels, weighing 1550 
tons, and carrying motor-generator sets with 1500-hp. 
synchronous motors continue to be installed.‘ 

Improved rubber covering for trailing cables has made 
these safer and more dependable. They usually carry 
4000 volts, three-phase with a fourth wire for ground. 
Occasionally when blasting, these cables are damaged. 
Field vulcanizing has been perfected so that the outer 
covering is repaired so well that it will stand up through 

2. Installed at Chicago, Wilmington, and Franklin New 
Orient mine, West Frankfort, Ill. 


906 


water and oil the same as the original cable, thus saving 
a great deal on replacement costs. 

Slushers. Metal mines have almost completely 
adopted motor-driven underground slusher machines to 
replace air-driven machines. 

Locomotives. Onemanufacturer has developed roller- 
bearing application to motor support on axles to main- 
tain the gears in exactly correct mesh.’ Experience 
in the field has not yet proved whether this will be ac- 
ceptable practise. 

Heavy service due either to large locomotives or 
very frequent travel of locomotives has led a number of 
mines to go to 6/0 trolley wire instead of 4/0. 

Mining Machines. The manufacturers of mining 
machines have brought out improved track-mounted 
cutters (Fig. 1). These can be built to cut at any height 
inthecoalseam thatisrequired. These machinesconsist 
essentially of a heavy frame mounted on truckscontain- 
ing traction motor and a swinging section pivoted at the 


Fic. 1—Tracx-Mountep Borrom CurtTrEer 


front end of frame. This section carries the motor 
gearing, raising, lowering, and tilting mechanism, and 
the cutter bar and chain proper. The advantage of this 
type cutting machine over the breast machine and 
short-wall machine is that no unloading or loading of 
cutting machine proper is required. This feature 
elminates most of the manual labor, and through higher 
power and saving of time enables the operator to practi- 
cally double his productivity. One make of machine is 
equipped with a drill so that the same crew can drill 
for the blasting.® 

In cutters for coal seams less than 380 in. high, it is 
difficult to place all controls convenient to the operator. 
One manufacturer has partially overcome this by 
applying contactor control to the machine. This 
control is of the “‘permissible’’ type construction, having 


3. Pittsburgh Coal Co., Pittsburgh, Pa. 

4. The United Electric Coal Co. at DuQuoin, II. 
5. Jeffrey Manufacturing Co. 

6. Sullivan Machinery Co. 
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been worked out to meet the tests of the Bureau of 
Mines.® 

A recently developed machine is the hitch cutter.’ 
This is a very special type drill to cut hitches in sides 
of rooms of coal mines to enable timbering to be carried 
to the face without interfering with cutting and loading 
machines This should materially reduce accidents at 
the coal face. 

Loading Machines. One type of loading machine 
usually called pit-car loader has been extensively in- 


Fic. 2—Pit-Car LoapEerR 
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stalled (Fig. 2). Approximately 2000 have been placed 
in service. They consist of short-drag type conveyer 
driven by 4- to 7144-hp. motor. In this machine coal 
is shoveled onto the loader which discharges into mine 
car. 

Full mechanical loaders of several types have been 
improved and are coming into more general use (Fig. 3). 
These vary in design, using from one to eleven motors, 


7. Goodman Manufacturing Co. 
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having from 15 to over 100 connected horsepower. 
Reports indicate that approximately 3 per cent. of the 
soft coal mined in 1927 was loaded mechanically and 
most recent reports indicate over 22 per cent of coal 
mined in Illinois was loaded by mechanical and pit- 
car loaders. 

Blasting. Continued experiments in smokeless shoot- 
ing of coal have been made.’ In this a gas is com- 
pressed to high pressure in the cartridge, then fired by 
means of fuse in heavy detonation or heating element. 
This fuse requires about 100 amperes at 180 volts to 
set off heating element. 

Telephones.. One company installed a complete 
system, using lead-covered pair in conduit laid in the 
floor of the mine.’ In rapid hoisting, the caging is 
limited to 14% or 2 sec. This does not permit the 
check puller to safely detach the identification checks. 
Several mines overcame this by installing loud speaking 
telephones between top and bottom.’ The bottom 
man pulls the check and telephones the weighman 
giving him the number of the check. 

8. Cardox. 


9. Youngstown Sheet and Tube Co., Dehue, W. Va 
10. Peabody Coal Co., Mine No. 8, Tovey, IIl. 
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Switch Throw. An _ electrically-operated switch 
throw has been successfully applied to mine switches." 
This eliminates the danger of having these throwed by 
hand. Also signal lights are worked in conjunction with 
the throw. 

Welding. Electric are welding is becoming more 
common for repair work. It is almost universally used 
for welding rail bonds. This year has brought a new 
use in the welding of a very hard special metal to the 
tips of mining machine bits, to produce ten times the 
wear.” 

Safety Work. The Bureau of Mines continues to 
test all types of equipment to be used in gaseous mines. 
They have now placed their stamp of approval on 30 
types of motors. 


The approved cap lamp with greatly increased illumi- 
nation is being rapidly adopted.!? Over 30,000 of this 
type have been placed in use. A new cap lamp with 
lead battery and dry electrolyte has been developed.“ 
This should reduce accidental burns from electrolyte. 


11. Mines Equipment Co., St. Louis, Mo. 
12. ‘Blackor.”’ 

13. Edison Models E. & F. 

14. Coneordia. 


Audio-Frequency ‘Transformers 


Voltage-Ratio Characteristics Determined by the Low- Voltage 
Cathode Ray Oscillograph 


BY PAUL KLEV, Jr. 


Synopsis.—The usual method of determining the voltage ratio of 
audio-frequency transformers employs a three-element vacuum tube 
an the circuit. Due to the fact that the results are a combination 
of both transformer and vacuum tube characteristics this method 
is not entirely satisfactory. This paper describes a new method, 
using a low-voltage cathode ray oscillograph, by means of which the 
voltage ratio of a transformer is determined independent of any other 
apparatus This newly developed method is accurate and simple 
in operation, and gives the actual characteristics of the transformer 


INTRODUCTION 


N the last few years, the radio industry has experi- 
enced an exceptional growth. Accompanying this 
growth is the desire on the part of the public for 

better reproduction of voice and music; and closely 
connected with this is the amplification of audio fre- 
quencies. Thisin turn calls for audio-frequency trans- 
formers which have good characteristics; that is, good 
voltage ratios over a wide range of frequencies. This 


1. Students in Electrical Engineering at Oregon State College. 

This paper received the A. I. E. E. National Prize for Branch 
Paper (year 1928). 

Presented before the Portland Sections of The A. I. E. E. and 
TheN.E.L.A., May 26, 1928. 
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for all frequencies and d-c. components. The ratios of several makes 
of transformers were determined over a frequency range of 20 to 
10,000 cycles and at different degrees of magnetic saturation. The 
results indicate that the ratios are very good between frequencies of 40 
and 3000 cycles. Saturation within the usual operating imits was 
found to have little effect. The method developed was found to be 
exceptionally good, as the results are accurate and are readily repro- 
duced. However, precautions must be taken to eluminate stray fields 
which may influence the tube unless properly shielded. 


being the case, it is important to be able to determine 
the characteristics of audio-frequency transformers in- 
dependent of the apparatus which would influence the 
results. This paper describes a method by means of 
which the voltage ratio of transformers may be deter- 
mined entirely independent of all other equipment. 


METHOD OF OBTAINING DATA 


Under actual operating conditions, an audio-fre- 
quency amplifying transformer has impressed on the 
primary a direct current with a superimposed alter- 
nating current of audible frequency. ‘The d-c. com- 
ponent of this pulsating current largely determines the 
point on the saturation curve at which the transformer 
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operates, and therefore may influence the voltage ratio 
at various frequencies. Before attempting to deter- 
mine the voltage ratios, the magnetization curves of the 
transformers were obtained so that values of direct 
current within the working range could be used. 

The magnetization curves were determined with a 
circuit arrangement as shown in Fig. 1. The data were 
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obtained by adjusting the direct current in the primary 
to certain values and then reversing the switch shown. 
The resulting galvanometer deflections, also shown 
plotted in Fig. 1, indicate the degree of saturation of the 
core. The curves in Fig. 1 should not be regarded as 
indicating the relative degree of saturation since dif- 
ferent galvanometer shunts were used; also, the number 
of secondary turns and other transformer constants 
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were not the same for each. This figure does show, 
however, the shape of the magnetization curves and 
thus indicates the range of d-c. values which may be 
used in the primary. 

A Western Electric 324-A low-voltage cathode ray 
oscillograph tube was used for measuring the primary 
and secondary voltages. Since this low-voltage oscillo- 
graph is comparatively new, a brief explanation of its 
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construction and operation will be given. The general 
arrangement of parts is shown in Fig. 7. 

A stream of electrons is projected from the heated 
filament on to the fluorescent screen where it produces 
a bright spot. This electron stream may be deflected 
by subjecting it to an electric or magnetic field, and 
the position of the spot at any time is an indication 
of the strength and direction of the field at that instant. 
If properly connected, these deflecting fields will vary 
with the current or voltage under observation and thus 
electrical phenomena are made visible on the screen. 

Due to the fact that the moving element consists of a 
stream of electrons, the cathode ray tube is practically 
free from inertia or resonance effects. This feature 
makes the frequency limits at least as high as the upper 
radio frequencies, which are far beyond the highest fre- 
quencies used in these tests. Another feature which 
makes this tube very desirable is its accuracy. This 
may be shown by the calibration curve, Fig. 2. As can 
be seen, the maximum deviation of any point from the 
experimentally determined calibration curve is about 
one-half of one per cent. 

Due to the action of the earth’s magnetic field and 


Fluorescent 
Screen 
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Fig. 3—Circuir Usep ror CALIBRATION OF THE CATHODE Ray 
OscILLOGRAPH 


other stray fields, and partly because of the lack of 
mechanical alinement of the tube parts, the fluorescent 
spot may fall several centimeters from the center of the 
screen. It is necessary to bring the spot to the center, 
and here this was accomplished by means of a large 
electromagnet mounted upon a movable platform. 
The spot may be brought to the center of the tube with 
a small magnet nearer the tube; however, less distortion 
results if a strong magnet is used some distance away. 
By moving the position and regulating the value of 
current in the electromagnet, the spot was brought to 
the center of the tube and at the same time the value of 
current supplied was noted. This current value was 
held constant for all tests. 


Due to the fact that the deflector plates are not the 
same distance from the screen and that they are not a 
given distance apart, it is necessary that the tube be 
calibrated for quantitative results. The circuit used 
for calibrating the tube is shown in Fig. 3A. A known 
sine wave alternating voltage was applied to the deflec- 
tor plates used and the length of the deflection, which is 
a straight line, Fig. 8B, on the fluorescent screen was 
measured. Various values of voltage were impressed 
and the corresponding deflection observed. The cali- 
bration curve, Fig. 2, was then drawn by plotting 
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effective (r. m. s.) volts as ordinates and total deflection 
in centimeters as abscissas. 

Every precaution was taken to eliminate errors in 
obtaining data for the calibration curve of the cathode 
ray tube. The current supplied to the electromagnet, 
used to compensate for the earth’s field, was held 
constant during the entire test. Also, the effects of 
stray fields were eliminated; first, by using closely 
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twisted parallel conductors for all current-carrying 
circuits; and second, by shielding the tube from elec- 
trostatic fields. The calibration varies with the anode 
voltage and thus this voltage was held constant for all 
tests. For calibrating, the wave form of the applied 
voltage should be a sine wave, and to obtain this as 
nearly as possible, the harmonics were practically elim- 
inated with a filter as shown in Fig. 3. An oscillogram 
of the voltage was made and showed the wave to be a 
sine wave with practically no harmonics, less than two 
per cent deviation, and a crest factor of practically 
1.414. The calibrating voltage was obtained from a 
three-phase 220/127-volt alternator. All instruments 
used in making current and voltage measurements were 
carefully calibrated against accurate standards. 

The connections used for measuring the transformer 
ratios is shown in Fig. 4. As indicated in the diagram, 
a battery “A” was connected through a resistance and a 
milliammeter to the primary of the transformer. This 
battery supplied the component of direct current which 
is present in the primary of all audio-frequency trans- 
formers. The variable-frequency voltage was obtained 
from a Western Electric 8-A oscillator which had a 
frequency range from 100 to 50,000 cycles and a good 
wave shape. The voltages at frequencies below 100 
cycles were taken from an alternator driven at different 
speeds so as to generate the frequency desired. The 
voltage wave of the alternator was practically a sine 
wave. A condenser, C 1 Fig. 4, was connected in series 
with the oscillator to prevent the direct current from 
entering the oscillator circuit. To facilitate making 
measurements, a double-pole double-throw switch was 
connected to the primary and secondary of the trans- 
former and to the oscillograph, as shown in Fig. 4. 

The voltage drop due to the d-c. component in the 
primary of the transformer caused the electron stream 
to be thrown entirely off the fluorescent screen, and con- 
sequently, some means had to be devised to compensate 
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for this deflection. A method was finally adopted 


- which used a compensating potentiometer, as shown in 


Fig. 4. This potentiometer voltage was connected to 
oppose the constant component of the pulsating voltage 
that would otherwise be applied to the cathode ray tube. 
By properly adjusting this compensating potentiometer, 
the spot was brought to the center of the screen. Asa 
test to determine whether the constant component was 
balanced, the deflector plates were short-circuited. 
If the spot remained stationary when this was done, no 
constant voltage was impressed on the oscillograph. 
The position of the compensating potentiometer and the 
battery in the circuit has no effect on the oscillograph, 
but merely acts as an additional load on the oscillator. 

As previously explained, the oscillograph is very 
sensitive to stray fields, and in view of this fact, all 
current-carrying leads were twisted. The leads from 
the switch or transformer to the oscillograph should be 
as short as possible and not twisted. Thereason for this 
is that at high frequencies, the charging current due to 
the capacitance of long twisted wires acts as a load on 
the transformer when measuring the secondary voltage. 
It was found that if long twisted leads were used, the 
voltage ratios were lower for frequencies above 2000 
cycles. 

Several types of transformers were received and three 
transformers which were considered to be representative 
were chosen for the tests. The ratio of transformer A 
was 8 to 1; the core is of silicon steel and is extra large, 
the entire transformer weighing very nearly five pounds. 
Transformer B has a ratio of 2.7 to 1 and weighs about 
one and three-quarters pounds. Transformer C has a 
ratio of 5 to 1, and weighs approximately two pounds. 
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All of these transformers are standard makes and are 
used extensively in radio work. Other information 
regarding their construction was not available at the 
time these tests were made. 

From a study of the magnetization curves, (Fig. 1) 
and a general knowledge of the primary currents usu- 
aliy found in radio receivers, it was decided to use 
currents of one, three, and five milliamperes for the 
transformer tests. 
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In making all measurements, the value of current in 
the electromagnet producing the compensating field 
was adjusted to the predetermined value and held 
constant. The direct current in the primary was then 
adjusted to the desired value. As previously men- 
tioned, the d-c. component of voltage in the primary 
must be balanced so that thereading could bemadein the 
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center of the oscillograph screen. This was accom- 
plished by adjusting the potentiometer across the 
compensating battery until the spot remained station- 
ary when the deflector plates were short-circuited. 
A’ voltage of the proper frequency was then applied to 
the primary of the transformer and its magnitude ad- 
justed to give a reading of primary and secondary 
voltage on the working range of the fluorescent screen. 

In measuring the length of the deflections, a piece of 
thin paper was placed over the fluorescent screen and 
the maximum deflections of the visible spot were marked 
for both primary and secondary readings. To be sure 
the readings were accurate, each reading was checked. 
In a similar manner, other readings were made using 
different frequencies and various degrees of core satura- 
tion for each transformer tested. 


DISCUSSION OF RESULTS 


The curves, Fig. 5, show the voltage ratios of trans- 
formers A, B, and C with a primary current of three 
milliamperes. These curves show that in all cases 
the, transformer ratios are very good at frequencies be- 
tween 40 and 3000 cycles. The curves also show that 
“peaks”’ occur within a range of frequencies from 4000 
to 7000 cycles. Although each transformer had a 
different ratio, transformer C (curve 3) seems to have 
the best characteristics as the per cent increase in ratio 
at 3000 cycles is less than for either of the other two. 
However, transformer A (curve 1) is practically as good 
as transformer C in this respect. 

The curves in Fig. 6 were made for transformer A to 
show the effects of saturation. Due to the fact that the 
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curves would fall so close together, only one curve has 
been drawn, and points have been shown only for the 
other two curves. The curves seem to indicate that 
the degree of saturation has little effect on the trans- 
former ratio. However, the fact that these curves were 
taken at degrees of saturation below the knee of the 
magnetization curve must be considered, and these 
results hold for such values only. 

Again referring to Figs. 5 and 6, the curves indicate 
that in all cases the points are uniform and closely 
follow the curve. This indicates not only that the 
measurements were accurately made, but also that this 
method is satisfactory. 


CONCLUSIONS 


The major conclusions to be drawn from this study 
are as follows: 
1. The method here outlined for determining 
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transformer voltage ratio is simple, direct, and accu- 
rate. The error in making individual measurements is 
not more than one-half of one per cent. 

2. After the circuit is once adjusted, measurements 
can be made very quickly. With a little experience, 
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two men can obtain data for a curve in about 15 min. 

3. To insure a high degree of accuracy, stray fields 
must be eliminated by doubling all current-carrying 
conductors; by using leads from the transformer to the 
oscillograph which are as short as possible, and by keep- 
ing them far apart; and by shielding the cathode ray 
tube. Furthermore, the compensating field current and 
the tube anode voltage must be maintained at constant 
values. 

4. The results obtained from the transformers tested 
indicate that the best working range is between 40 and 
3000 cycles per sec. 
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5. Below the knee of the magnetization curve, the 
degree of core saturation did not materially affect the 
voltage ratios over the entire range of frequency from 
20 to 10,000 cycles. 

The faculty of the Electrical Engineering Depart- 
ment at Oregon State College deserves mention for its 
hearty cooperation in connection with this study. 
Considerable credit is due F. O. McMillan, Associate 
Professor of Electrical Engineering, and Messrs. A. L. 
Albert and E. C. Starr, Instructors in Electrical Engi- 
neering, for their assistance and many valuable 
suggestions. 
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ANNUAL REPORT OF THE COMMITTEE ON AUTOMATIC STATIONS 


To the Board of Directors: 

This terminates the second year of the existence of 
this committee. The field of action in which this rela- 
tively new committee finds itself is so broad and has so 
many inviting byways that it has been difficult to out- 
line the work. The engineering connection with the 
application of automatic control is so fascinating as to 
result in so many new ideas being steadily developed 
that sometimes the fundamentals are almost overlooked. 
In the following report, this committee attempts to 
outline some of the development and offer suggestions 
which are intended to benefit this branch of the 
industry. 


SCOPE 

. Thescope of this work covers automatic, and partially 
automatic, generating stations and substations, the 
committee having complete jurisdiction over all 
apparatus associated with such stations. In addition, 
it has jurisdiction over systems of remote dispatching, 
control, indications, etc., associated with the industry. 
The committee is interested in the dissemination of the 
knowledge and experience already gained in the design 
and operation of such equipment and combinations 
thereof, in order that this branch of the industry may be 
more fully developed. 


ECONOMICAL CONSTRUCTION 
The developments of the year indicate a general 
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tendency to take advantage of the economical construc- 
tion possible with the use of automatic stations. It is 
still hard to realize the radical difference in station 
arrangement and set-up between the old firmly rooted 
manual system of operation and modern automatic 
operation. 

It is believed that one of the most radical and eco- 
nomical changes in station arrangement has been the 
elimination of the continuous switchboard. When this 
is studied it is found that there is no longer a necessity 
for assembling all of the control wiring from remote 
parts of a station at one point at the expense of thou- 
sands of feet of wire and conduit. 

The above is particularly true in a-c. substations and 
hydro station applications where the details of control 
can and properly should be located as near the equip- 
ment controlled as is consistent with good fire protection 
and safety. It is now becoming common to see control 
panels located in various places throughout a station 
close to the equipment controlled, thus saving consider- 
able in wire, conduit, and hazard. 

Another saving has been realized from the reduction 
in size and, in some cases, the complete elimination of 
heating plants. 

Ventilation has also been reduced, as in many cases a 
considerable amount of air over and above that actually 
essential to station apparatus for the comfort of the 
operating employes was required. 

The problem of station location has been eased some- 
what by the advent of automatic control, as stations can 
be located now in places where it would be almost im- 
possible to keep operating men on the job on account of 
the absence of what might be considered the amount of 
daylight, pure air, water, etc., necessary for the con- 
tinuous maintenance of human beings. 
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RESEARCH AND DEVELOPMENT 


Research during the past year has brought forward 
many improvements in detailed apparatus which are 
contributing much to simplify the problems of applica- 
tions. Careful analysis of operating records disclosed 
the need of more simple means for the adjustment of 
equipment to meet a wide range of applications, par- 
ticularly for the calibration of relays. Much has been 
done in this connection with the result that not only 
have improvements in relays simplified matters of 
calibration, but by extending the range of applications, 
the number of types of relays required has been re- 
duced, thus greatly simplifying routine inspection and 
maintenance. 

Simplified and improved supervisory control and 
remote metering systems have been produced as a result 
of experience with several very successful schemes in 
numerous applications. 

Some work has been done in the development of 
devices for recording operations, quantities, etc., on 
charts, but this appears to be one of the weakest points 
in automatic development. 


Simplified schemes of control for the automatic 
switching of rotating apparatus looking toward reduc- 
tion in the number of moving parts are being tried out. 
The economics of application are being given a great 
deal of study. On a number of metropolitan street 
railway properties, the items of power consumption 
from the generating stations to the car wheels are being 
carefully analyzed. Operating voltages best suited to 
given areas will be selected and means for automatically 
or remotely controlling the substation apparatus for 
proper adjustment of the voltage to operating conditions 
will be provided. 


OPERATING REPORTS AND INSPECTION 


The predecessors of this committee have stated that 
the art would advance much more rapidly if more 
operating engineers would avail themselves the oppor- 
tunity at Institute meetings to tell, through papers, of 
their individual experiences and freely taking part in 
discussion. It is felt that in this way the annual 
reports of this committee will be more representative. 
With this idea in mind, your committee has this year 
sent out questionnaires attempting to gather operating, 
maintenance, and inspection data from a wide field of 
experience covering a variety of applications. ~While 
these questionnaires may be considered a burden by 
some, this committee feels that a large number of engi- 
neers are vitally interested in the subject and are 
willing to furnish the data requested to the end that the 
art may be more universally applied and incidentally 
improved. Some answers to the questionnaire have 
been received, but not a sufficient number to present a 
recapitulation in the pages of this report. This com- 
mittee intends to turn this partly finished work over to 
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its successors with the earnest recommendation that 
they carry it forward. 

Inspection and maintenance of automatic plants 
may be catalogued into two general classifications,— 
quality and quantity,—depending entirely upon the 
continuity of service expected and demanded of the 
automatic plants and by the individual managements. 

The word “maintenance’”’ is used advisedly in view 
of the fact that inspection and maintenance are so 
closely allied at times as to be almost inseparable. 


Past and present experience as reported by the 
various operating engineers seem to disclose the fact 
that to properly function, automatic equipment should 
be given casual and periodical inspections. These 
inspections vary according to the needs and conditions 
of the individual installation and the severity of service. 
The casual inspections on metropolitan systems as 
reported are made as often as two hours apart during 
the heavy hours of the day, and two or three days apart 
on other systems and conditions. 

These inspections usually consist of observing the 
functioning of equipment in service, overheated con- 
tacts, graphic chart clocks for time, inking, bearings, 
overheating, ventilation, etc. For stations outside of 
metropolitan districts the casual inspections are like- 
wise reported as being made daily on some systems, and 
weekly on others, ranging in the average of two or three 
times a week, with a tendency to make fewer inspections 
when the stations are equipped with supervisory control. 
The actual time required to make a casual inspection is 
much less than the traveling time. 


STANDARDS 


Standards for Automatic Stations (No. 26) were 
adopted and issued in 1928. It was realized that in 
view of the rapid progress of this branch of the industry, 
it would be necessary to revise these standards from 
time to time. A subcommittee has worked out some 
desirable changes which are not sufficiently voluminous 
to warrant a revision of the Standards as published. 
however this committee will add to this group of 
changes from time to time, until it is felt that it is 
worth while to present them to the Standards Com- 
mittee with recommendations. 


BIBLIOGRAPHY 


With the idea that a complete bibliography of 
“Automatic Station” literature would be of inestimable 
value to the electrical engineer, this committee published 
as an appendix to its report of last year a complete 
bibliography up to the date of this report. A supple- 
ment covering literature published since the last report 
and up to March 1, 1929 is included as an appendix to 
this report. Acknowledgment and thanks is hereby 
given to the Main Library, of the General Electric 
Company for this service. 
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ANNUAL REPORT OF COMMITTEE ON PRODUCTION AND APPLICATION OF LIGHT*« 


To the Board of Directors: 


INTRODUCTION 
The report of the Committee on Production and 
Application of Light calls attention to the outstanding 
advancements and trends in the art of lighting by 
electricity. Material used in the compilation has been 
furnished not only by members of the committee but 
by other authorities in various fields. 


PRODUCTION OF LIGHT 
As was the case a year ago, most of the developments 
in production of light during the past year have been 
of the nature of improvements rather than radically 
new devices or methods. 


INCANDESCENT FILAMENT LAMPS 
Standard Multiple Lamps. The 60-watt inside- 
frosted lamp is now made in the A21 bulb, as is also the 
50-watt. This simplification is of advantage not only 
to the manufacturer but to the user. 
There has been brought out a 75-watt inside-frosted 


Street Series Lamps. There has been further stand- 
ardization of bulb sizes for street series lamps with 
resultant greater flexibility in manufacture and in use. 

Aviation Lamps. The ideas of illuminating engi- 
neers on the subject of floodlighting for aviation land- 
ing fields crystallized during the year to the point where 
it was impossible to standardize a group of four lamps 
for this service. These are the 1500-watt 32-volt T-24, 
the 3000-watt 32-volt GT-38, the 5000-watt 115-volt 
G-64, and the 10,000-watt 115-volt G-80 airport flood- 
lighting lamps. 

Motion Picture and Sound Recording Lamps. The 
introduction of motion pictures accompanied by sound 
required the development of a number of new tpyes of 
incandescent lamps designed for use both in the studio 
where the pictures are taken and in the projection 
apparatus. In the studio, in addition to the standard 
general lighting lamps, three high-wattage lamps 
especially designed for this service are used. ‘These are 
the 2000-watt 115-volt G-48 bulb spotlight, the 5000- 
watt 115-volt G-64 and the 10,000 watt 115-volt G-80. 


Rated aver. 
General application Volts Amperes Watts Bulb Base Filament life (hours) 
Night indication, including switch lamps, 
semaphores, wig-wag highway crossing 
IIGICLOSSING PAULCSs aan es twee oe 3.5 0.3 S-11 SG: C-2 1000 
10. 0.25 S-11 S2C. C-2 1000 
13.5 0.25 S-11 Sekee C-2 1000 
10. S-11 Ss. C. C-2 1000 
Day and night indication including light sig- 
nals and highway crossing flashing 
SIS Al Steere an tins Thke k Reheencee GA Paks eh oR LOZ 5 S-11 S.C. C-2 1000 
10. 10 S-11 S.C; C-2 1000 
10. 18 S-11 SO C-2 1000 


bulb lamp in the A23 bulb, having the same dimensions 
as the 100-watt lamp. 

Special Multiple Lamps. The 10-watt 115-volt in 
the C914 bulb has been improved in appearance and a 
new 25-watt 115-volt T6144 bulb lamp has been 
announced. This lamp is for use in showcase and other 
small reflectors. 

Railway Signal Lamps. Several types of lamps have 
been standardized by the Signal Section of the American 
Railway Association—these have the popular C-2 
filament form. 
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Colored Lamps. Light’s Golden Jubilee, celebrated 
this year to commemorate the 50th anniversary of the 
incandescent lamp, is made more colorful by the use of 
inside-colored lamps, a process developed during the 
year. By this process, the coloring material is sprayed 
on the inside of the bulb walls instead of on the outside. 
Thus the coloring material is protected from the 
weather, is rendered permanent and proof against 
fading or scratching, and the outside of the bulb is left 
smooth to retard the accumulation of dirt and permit 
easy cleaning. 

Bases, Sockets, and Adapters. There has _ been 
brought up a mogul prefocused base, similar to the 
medium screw base brought up on last year’s report. 
This is used for various spotlight lamps, floodlight 
lamps, airplane headlight lamps and airway beacon 
lamps. New vibration resisting adapters have been 
developed for use in lamp sockets in order to give still 
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further protection to lamps burning under conditions 
of extreme vibration. 

Voltage Standardization. It is common practise to 
refer to the lighting circuit voltage as “110 volts” but 
it may surprise many to learn that 110-volt lamps 
comprised only 8.1 per cent of the total number in the 
100- to 180-volt range sold during 1928. Approxi- 
mately 48 per cent were rated at 115 volts and 39 
per cent at 120 volts. The remaining 5 per cent were 
scattered among the other voltages in that range. 


GASEOUS CONDUCTOR LAMPS 


Mercury Arc Lamps. To meet the demand for in- 
dustrial lighting units giving a radiation more nearly 
equivalent to direct sunlight in the effect on general 
health, mercury are tubes have been made up in forms 
identical with those used for industrial lighting, but in 
glass of slightly higher ultra violet transmission. 

The rapidly expanding field of application of quartz 
mercury arcs in both therapeutic and health lighting 
has brought forth a variety of new types of are, all of 
them differing from older designs in minor mechani- 
cal details of construction and appearance only. 

Neon Lamps. Smaller electrodes are being used 
than were formerly thought possible and lamps of 
higher current density are coming into greater use. 
New color effects have been obtained by means of 
filter glass tubing and by the use of different gases. 

Hot-cathode low-voltage and negative glow socket 
type of neon lamps have undergone further develop- 
ment during the past year. 

Induction Lamp. The electrodeless discharge in 
neon, in the form of an induction lamp, has undergone 
development during the past year and is being used 
experimentally as a light source for airway beacons. 
A three-in. clear fused quartz bulb incloses the luminous 
gas. The lamp under operating conditions has a 
brightness in excess of 40 candles per sq. em. and when 
used at the focus of a 36-in. mirror, a beam candle- 
power of the order of 500,000 is obtained. 

Carbon Arc Lamps. A number of types of are lamps 
using impregnated carbons has been placed on the 
market for therapeutic use. While some of these are 
of the cheapest construction, others are very well made 
and provided with filtering glasses for proper ranges in 
the ultra violet spectrum. 


Application of Light 
INTERIOR ILLUMINATION 
Industrial Lighting. The past year has witnessed an 
increasing acceptance on the part of production man- 
agers of high levels of general illumination. Among the 
new lighting systems installed was a goodly number in 
which 15 to 30 foot-candles of general illumination are 
obtained; in some instances higher illumination values 
of 40 to 60 foot-candles over large areas have been 
found economical. 
Following closely upon the acceptance and installa- 
tion of these higher levels of illumination is an increasing 
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interest in special lighting for specific jobs. Group 
lighting, a system in which the lighting units are located 
with respect to the machine groups, has been adopted 
in a number of plants, especially those where the loca- 
tion of the machine groups is fair’y permanent and 
in which the direction of light desired is constant. 

The development of group lighting applications 
requires characteristic distribution curves of light 
which are necessary to obtain the greatest utilization 
over any given area; more and more attention is being 
paid tothecontrol of light to fit these requirements. 


COMMERCIAL LIGHTING 


Mention was made last year that installations de- 
signed along modernistic lines were beginning to appear. 

The merchant is always in search of the new to attract 
customers, and it is natural that he is one of the first 
to adopt the new school. The distinctive shops have 
given us some wonderful examples of the use of light 
for decoration and even the department stores under 
construction are decidedly modernistic in feeling. 


The entrance and lobbies of the new office buildings 
are striking and generally lighted in such a way as to 
take full advantage of the potentialities of present day 
light sources. 


RESIDENCE LIGHTING 


The modernistic trend in home lighting equipment 
has made a vast stride in the past year. American 
manufacturers are offering many varieties of fixtures 
closely resembling the designs which European artists 
have been developing. Decorative portables, wall 
brackets, and center luminaries are designed with 
pronounced geometric plane surfaces representing in 
many instances an assembly of rectangles, triangles or 
squares of various light colored tints, plain shades, 
and artistic mixtures. These glass planes not only 
conceal the lamps from general view but also diffuse 
the light over a wide area, thereby creating a quality of 
illumination which engineers have been striving for 
years to introduce into the American home for whole- 
some lighting. 

Light Ornaments. A few years ago the use of light 
simply for decoration was encountered only rarely. 
Now one scarcely passes a single gift shop which does 
not display one or more forms of light ornaments. 
During the past year American manufacturers have 
developed somevery commendabletypes. Theseusecast 
figures against lighted background, translucent colored 
urns, cut crystal figures lighted from beneath, and even 
translucent porcelain. 


MOTION PICTURE LIGHTING 


A census taken about the first of February shows 
that of some 60 or more pictures in the process of being 
photographed approximately 60 per cent were being 
made with incandescent lamps, an increase from 25 
per cent as of July 1, 1928. The general practise of 
the studios has been to make their sound pictures 
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entirely with incandescent lamps and to restrict the 
use of other illuminants to the silent pictures. 

The Universal Studio has recently completed the 
filming of the picture “Broadway,” taken from the 
popular New York success of the same name. The 
largest indoor set ever constructed was used for the 
cabaret scene. This scene, together with several 
others immediately adjacent and really becoming a 
single large set, was lighted entirely with 4800 incan- 
descent lamps whose wattage totalled 3,900,000. The 
largest part of this energy was employed in regulation 
motion picture photographic lighting equipment. 
There were, however, many thousands of lamps of 
lower wattage employed for decorative effects. 


INSTALLATION STANDARDS 


For several years illuminating engineers have been 
feeling an increasing degree the limitation of inadequate 
wiring as an obstacle to the development of good 
lighting practise in commercial and industrial buildings. 
From a study of the problem it was concluded that this 
situation and other problems could best be met by co- 
operation on the part of central station lighting service 
bureaus with architects. In formulating a plan certain 
officials of the American Institute of Architects were 
consulted with gratifying response. Therefore in the 
Fall of 1928 a committee of the National Electric Light 
Association started in on a program of constructive 
effort. Two courses of instruction for central station 
lighting service engineers have already been held at 
which pertinent technical information was reviewed. 

To express the adequacy features of wiring so that the 
illuminating engineer may plan proper lighting a set of 
model specification paragraphs has been prepared 
containing some new features which facilitate checking 
up on the wiring construction work. 

A third phase of the program is a plan of advertising 
to emphasize to architects the importance of good 
lighting and to interest them in cooperation with the 
lighting experts of the central station companies. 

Based on experience in Chicago, the Society for 
Electrical Development has adopted a_ simplified 
method of planning and figuring the lighting installation 
in accordance with present-day standards. This is 
known as the Franklin Red Seal Lighting Specification, 
the rules being published in pamphlet form and provid- 
ing for all conditions ordinarily existing in that field. 


EXTERIOR ILLUMINATION 


Street Lighting. Street lighting practise is progress- 
ing slowly but at a rate which with a few sporadic 
exceptions is inadequate to meet the rigorous demands 
of modern high speed traffic. The average light output 
of incandescent street series lamps sold during 1928 was 
5.8 per cent higher than the output of such lamps sold 
during 1927 (Report of Lamp Committee, N. E. L. A.). 

This is one indication of progress, since the use of 
larger lamps suggests improved street lighting. Yet it 
is the general testimony of the best informed engineers 
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that a marked advance not only in the amount of light 
produced for street lighting but also in the skilful 
application of that light is required before street lighting 
practise may be considered to be abreast of modern 
requirements. 

The outstanding development in street lighting is the 
increasing recognition of the importance of a compre- 
hensive street lighting plan prepared in coordination 
with city planning at large and particularly with regard 
to street traffic problems. The practise of classifying 
projected street lighting plans by stating the illumina- 
tion required for streets of different character is also a 
growing tendency which promises a more definite and 
scientific treatment in the future. 

It is coming to be recognized increasingly that the 
only thoroughly satisfactory solution of the automobile 
headlighting problem is to provide street or highway 
lighting sufficiently topermitsafeand expeditious transit 
without the employment of powerful far-reaching head- 
lights, and at least with depressed headlight beams. 
In the case of interurban highways, the problem of 
providing fixed lighting is receiving much attention. 
Where needed, enabling acts to permit counties and 
villages to provide for highway lighting are being 
sought. 


TRAFFIC SIGNAL LIGHTING 


In the year 1928 much was done towards standardiza- 
tion of traffic signals. The report of the Committee of 
the American Engineering Council on Street Traffic 
Signs, Signals, and Markings was finally finished and 
has been issued in pamphlet form. This report is very 
complete and does a great deal to lead to standardiza- 
tion of traffic signal practises. Very little change has 
occurred in traffic signals themselves since these had 
reached a very high state of development prior to 1928. 
During the year, however, traffic control apparatus 
took another step forward in that practically all manu- 
facturers developed control apparatus for a full co- 
ordinated movement of traffic. 

Portable Flasher. There is being brought out a port- 
able electric flasher designed primarily for traffic 
warnings where kerosene lanterns have been exten- 
sively used. It has, however, many other possible uses 
in connection with both land and water traffic. 
Although the initial cost of the beacon is considerably 
more than that of oil lantern, its maintenance cost is so 
much less that in the long run, it provides the most 
economical warning signal. 

Automobile Headlighting. Committees of the Illu- 
minating Engineering Society and the Society of Auto- 
motive Engineers have been active during the past year 
considering such subjects as Specifications for Head- 
lamp Mountings, Specifications for the Test of Rear 
and Signal Lamps, and Comments on the Existing 
Specifications for test of Headlamps of the dual beam 
type. 

The outstanding achievement during the past year in 
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motor car lighting has been the adoption of fixed-focus 
construction for headlamps. Various investigations 
have shown that the principal cause of glaring lights 
has been improper focusing of the lamps. 


SIGN LIGHTING 


The two schools of electrical advertising sponsored 
by the National Electric Light Association in the 
Spring of 1928 were so successful that it was decided to 
try out local schools in the geographic divisions. ‘Three 
of these schools have already been opened, New England 
Division in Boston, Mass., Great Lakes Division in 
Chicago, Ill., and East Central Division in Cincinnati, 
Ohio. Others are planned for the Fall. The Society 
for Electrical Development, Electrical Advertising 
Section, is bringing out a Plan Book suggesting methods 
by which public utilities can stimulate electrical 
advertising. 

Among the developments in sign lighting during the 
past year, should be mentioned the new S11 sign lamps 
supplied in colors and with the intermediate screw base, 
the so-called ‘“Talking Signs’ in a variety of sizes and 
the continued improvement in gaseous tube signs. 
Some of the latter are used in combination with in- 
candescent lamps for very effective combined signs. 

LIGHTING OF BUILDING EXTERIORS 

Floodlighting is being used more extensively to bring 
out the architectural beauty of offices and public build- 
ings at night. In the larger cities new buildings are 
generally erected with step-back construction at the 
higher levels and these offsets made the use of flood- 
lighting particularly effective. Architects are also 
showing a greater appreciation of the value of flood- 
lighting with the result that in some instances the 
exterior lighting of the buildings is considered at the 
time the designs for the building are made. Colored 
lighting is receiving more attention, and the combina- 
tion of color and motion in what has been called mobile 
color lighting is unfolding new possibilities for attrac- 
tive night displays in building decoration. There is a 
very decided trend toward the use of colored lighting 
either with or without motion as this type of lighting 
has much greater possibilities than the use of plain 
white light. 

LIGHTING FOR AVIATION 


Beacons and course lights have been installed on 
approximately 9000 mi. of the national airways by the 
U.S. Department of Commerce, and about 2000 addi- 
tional miles will be lighted by the end of June, 1929. 
Where course lights are mounted on beacon towers, 
when no landing field is near by they are equipped with 
a red color screen; when a suitable landing area is 
in the vicinity, with an amber color screen. 

During the past year there has been great activity in 
equipping airports for night flying with a view to ob- 
taining an “A” rating from the U.S. Department of 
Commerce, which has issued Aeronautics Bulletin No. 
16 explaining the requirements in detail. 
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The retractable airplane headlight may be operated 
on the retracted position with beam pointing downward 
for pick-up and can also be used in any intermediate 
position to forward, where it is usually held when con- 
tact is made with the ground. The fixed headlights are 
usually stream lights in the wings to reduce air re- 
sistance. A smaller headlight with a 6-in. reflector has 
has recently been developed using a 100-watt 12-volt 
A-19 bulb lamp with intermediate profocused base. 
The subject of airplane headlighting is being studied by 
a committee of the Society of Automotive Engineers. 


LIGHTING OF BRIDGES AND TUNNELS 


Since the opening of the Holland Vehicular Tunnel 
under the Hudson River, a new standard for the light- 
ing of underground vehicular passageways has been 
established which is being followed by several similar 
installations, notably the Zion-Mount Carmel Tunnel 
in Utah and the Detroit Vehicular Tunnel between that 
city and Windsor. An item of interest may be re- 
corded; namely, that higher intensities of roadway 
illumination without glare speeds up traffic very 
materially and quite directly returns a greater revenue 
from the investments in the complete structure. This 
same fact is now recognized in connection with bridge 
traffic as is also fairly well recognized thef act that 
bridge lighting should be of the order of two to three 
times the intensity of the connecting highways. The 
floodlighting of bridge structures, especially the ap- 
proaches thereto, has resulted in a considerable beautifi- 
cation of water fronts incidentally affording greater 
safety to aviation pilots. 


UNDERWATER LIGHTING 


Considerable interest has been displayed in the ap- 
plication of electric incandescent lamps to under water 
illumination. The 1000-watt, 115-volt, G-40 bulb 
special diving lamp which is self-contained and de- 
signed to be operated directly immersed in the water is 
standard equipment for all capital ships in the U.S. 
Navy. Luminous fountains have been constructed 
with light projectors mounted beneath water-tight glass 
plates or with separate water-tight self-contained pro- 
jectors located in the water or at the base of the foun- 
tain jets. Various types of equipment are now avail- 
able, some consisting of lamps mounted behind glass 
plates, others being water-tight metal units moulded in 
the pool wall, and still others being water-tight 
self-contained units operating completely surrounded 
by water but located generally in niches prepared for 
them in the pool wall. 


INTERNATIONAL COMMISSION ON ILLUMINATION 
The last year was a very important one for the U. 8. 
National Committee, inasmuch as the American meet- 


ing of the International Commission on I]lumination 
was held then. 


The commission has some 15 technical committees, 
all of which met at Saranac Inn and considered the 
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recommendations and reports from various national 
committees, with a view to formulating reeommenda- 
tions for adoption by the commission. The technical 
papers at this meeting covered a wide variety of sub- 
jects, the practical details of lighting practise receiving 
a very large amount of attention. 

The proceedings of the meeting which are now being 
printed will make a volume upward of 1500 pages, 
constituting a very notable summary of the existing 
state of the art and science of illumination not only in 
this country but throughout the world. 

The next meeting of the commission, in 1931, is to be 
held in England. 

The committee wishes to acknowledge the coopera- 
tion of the following men not members of the com- 
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mittee: E. W. Beggs, H. S. Broadbent, R. E. Carlson, 
R. W. Cost, C. Dick, 8. G. Hibben, H. C. Rentschler, 
Geo. H.St. John, and R. L. Zahour of the Westinghouse 
Lamp Company; R. E. Farnham and James M. 
Ketch of the National Lamp Works of the General 
Electric Company; A. L. Broe, E. B. Fox, A. L. Powell 
and G. F. Prideaux of the Edison Lamp Works of the 
General Electric Company; C. A. B. Halvorson of the 
General Electric Company, West Lynn, Mass.; H. P. 
Gage, of the Corning Glass Works; Loyd A. Jones of 
the Eastman Kodak Company; K. W. Mackall of the 
Crouse-Hinds Company; R. D. Mailey of the Cooper 
Hewitt Electric Company; S. R. McCandless of the 
School of Fine Arts, Yale University; and C. H. 
Sharp of the Electrical Testing Laboratories. 
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Submitted by the Committee on Production and Application of Light 
THE ELECTRICAL ENGINEER AND LIGHT THERAPY 
W. C. KALB! 


The popularity of the present sun-tan vogue and its 
hearty endorsement by prominent members of the 
medical profession point to the probability of the de- 
mand for artificial sources of sunshine being permanent 
rather than the fad of a day. 


50 


NATURAL SUNLIGHT 


Due to this fact there has been a marked stimulation 
of research with the purpose of producing artificial 
sources of illumination closely approximating the 
radiations received from natural sunlight. Through the 
centuries, mankind has grown accustomed to sunshine. 
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It is as essential to life and health as food, water, or air. 
Normal growth and development of the child demand 
complete sunshine. 

The electrical engineer is not concerned primarily 
with the application of light in the therapeutic sense; 
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the treatment and cure of disease is essentially the 
function of the physician, not of the engineer. How- 
ever, electrical sources of illumination having been 
found to be the most practicable means of reproducing 
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all the bands of radiation found in sunlight and even 
rays of shorter wavelength valuable in light therapy, 
the electrical engineer is vitally concerned with the 
growth of knowledge in this field to the end of providing 
still more efficient light producing units. 

Through the demand for an artificial source of 
sunshine to be used in the home and a dependable source 
of ultra-violet radiation for use in light therapy, the 
carbon are has received a new stimulus. Instantly 
available at full intensity and free from loss of efficiency 
with use, this type of illuminant is attracting marked 
attention. 

Carbons used for light treatment are almost invari- 
ably of the flame type. The outer shell of pure carbon 
is filled with a core of flame-supporting material and the 
greater portion of the radiation comes from the flame 
of the arc rather than the incandescent tips of the 
carbons. By varying the composition of the core, the 
characteristics of the radiation emitted can be modified. 


For the close reproduction of natural sunlight, cerium 
is used in the core of the carbon electrodes. The bare 
are thus formed has a distribution of radiant energy 
ce ose to that of natural sunlight. Like all carbon arcs, 
however, it emits some rays of wavelengths shorter 
than 2900 Angstrom units, the shortest rays reaching 
us in natural sunlight. These can be screened out by 
using a suitable filter of special ultra-violet transmitting 
glass. The efficiency of this are for purposes of ir- 
radiation and the similarity to the radiant energy dis- 
tribution of natural sunlight can be further increased by 
the use of a suitably designed reflector. The accom- 
panying figure illustrates by means of curves and specto- 
grams the distribution of radiant energy for natural 
sunlight in comparison with that of a cerium-cored 

carbon are backed by a carefully designed chromium 
plated reflector and screened by a filter of special 
ultra-violet transmitting glass. 

In the treatment of physical disorders the physician 
makes use of ultra-violet radiations shorter than those 
found in natural sunlight as well as infra red rays of 
greater proportional intensity than that normal to sun- 
light. The carbon are may be adapted to these special 
requirements by selecting suitable materials for the 
composition of the core. 

The use of iron in the core of the carbon electrodes 
gives strong ultra-violet radiation in the band from 2300 
to 3200 Angstrom units. A polymetallic core com- 
posed of iron, nickel, aluminum, and silicon is particu- 
larly strong in the zone from 2700 to 3200 Angstrom 
units. This embraces that band of rays which medical 
authorities consider most effective in the cure and pre- 
vention of rickets as well as those rays having the most 
rapid action in producing pigmentation of the skin. 

Cobalt in the core of the carbon gives considerable 
ultra-violet intensity from 3100 to 3500 Angstrom units, 
but its most striking effect is that the proportion of 
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radiant energy in wavelengths less than 2500 Angstrom 
units to total radiant energy is greater than that for 
any of the other core materials here discussed. 


To produce a carbon emitting a high percentage of 
infra red rays, strontium is used in the core. The light 
from the arc formed by this carbon is decidedly reddish 
in color, and the quantity as well as the percentage of 
infra red radiation greater than that obtained from any 
of the other core materials. 

The foregoing statements clearly illustrate the 
versatility of the carbon arc. By modifying the com- 
position of the core many other variations are possible. 
Experience, however, indicates that with the five types 
of carbon electrodes here described itis possible to obtain 
practically any distribution of radiant energy which the 
physician may desire in the practise of light therapy. 


MOBILE COLOR LIGHTING AT BARCELONA 
EXPOSITION 


C. J. STAHL! 


From the standpoint of mobile color lighting, the 
International Exposition held this year at Barcelona, 
Spain, is the most exquisite display of its kind ever 
produced. It is particularly interesting as to the 
quantity of colored light employed and the extent of 
the area over which coordinated sequence is maintained, 
In length, this area is approximately one-third of a mile. 
and in width it averages 350 ft. Bothas to colors 
and intensities, this widespread synchronized mobility 
is controlled through a multiplicity of circuits which 
appear hopelessly intricate until the systematic desing 
and arrangements are understood. The apparatus, 
to control automatically the changing colors, (5000-kw. 
connected load), cost approximately $250,000.00 exclu- 
sive of freight, erection, wiring, or the electric distribu- 
tion system. 


The sloping exposition area was transformed into 
a series of terraced gardens where luxuriant trees, 
beautiful flower beds, fountains, statuary, and cascades 
adorn the grounds. 

Throughout this area, the colored lighting display 
is composed of the following elements: 

1. There is an aurora of searchlight beams from 
24 to 36 in.; 150-ampere searchlights placed back of 
the dome of the National Palace. 

2. There are four cascades which are illuminated in 
mobile colors, so that the color seems to flow down like 
the water that carries it; only more slowly. 

3. There are more than fifty fountains all fully il- 
luminated and controlled so that color changes may be 
synchronized with the changing colors of the cascades. 

4. There are approximately two hundred glass 
columns of various shapes and, in addition, many urns, 


1. Manager, Illuminating Engineering Bureau, Westing- 
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flower pots, and fire pots, most of which can be syn- 
chronized in like manner. 

From back of the dome of the National Palace over- 
towering the central area, an aurora of colored search- 
light beams fan out over the heavens. As the aurora 
radiates upward, the ground display is a great stream of 
color consisting of the cascades, fountains, crystal 
columns and various other ornamental shapes, all 
aglow with colored light which progresses through con- 
secutive dimming and brightening so that it seems to 
flow down the inclined central area. The effect is that 
of a mammoth staircase, almost half a mile in length, 
illuminated with slowly moving waves of color. Blue, 
for example, starts from the National Palace at the top 
and moves slowly down. When the blue has gone 200 
meters, the effect of a mixture of red appears, gradually 
changing to pure red. Green follows, and then white, 
which holds until the advancing colors have reached 
the lower end of the Avenida de Americas, the time 
consumed being twelve minutes. By pressing a button 
at the central-control station, the entire cycle is re- 
peated. At this station, one or more artists supervise 
the composition of the almost endless variety of color 
combinations, of which twenty may be set up in ad- 
vance. Considering that the color panorama of the 
central area takes in four cascades, three large foun- 
tains and more than fifty small ones, as well as some two 
hundred or more glass ornaments, a most beautiful 
effect in mobile colors is produced. Adding to this the 
colored lighting of facades bounding the central area 
(which can be carried forward in steps to coordinate 
with the mobile progressions) also the changing aspects 
of the fountains due to great flexibility in hydraulic 
controls, we begin to picture a spectacle of supereminent 
beauty. 

The floodlighting of facades, domes, and minarets is 
accomplished mostly by light directed upward. This 
creates shadows, and these, as well as small arches, 
niches, and other architectural indentures, are lighted 
from concealed sources in soft contrasting colors to 
accentuate the architectural embellishments both by 
depth and color contrasts. Yellow, red, and light green 
are used most for this purpose. 


Where facades are illuminated in order to give the 
impression of interior life, the windows, doors and por- 
ticos are illuminated from the back, all in soft tones 
harmonizing with the lighting of the facades. 

Stone incense pots showing colored vapors are also 
employed at certain locations. In general, green and 
light blue colors for static effects of considerable dura- 
tion are preferred to deep reds; orange and gold, 
however, are not lacking. All elements are softly 
illuminated with diffused light, avoiding unpleasant 
glare. The qualities of comfort, mystery, elusiveness 
and colossalism are outstanding. 

In general, reactors are employed for the dimming of 
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lights. Many of these are of 200-kw. capacity. They 
are placed at remote points close to the load they con- 
trol. Motor-generator sets are used in connection with 
the 200-kw. reactors, the control being effected by 
bringing the shunt-field circuit of the d-c. generator 
to the dimming resistance plate at the central control 
station. 

As resistance is cut out in the dimming cycle, the d-c. 
voltage of the motor-generator set increases and the 
direct current delivered to the reactor by the motor- 
generator set therefore also increases. This decreases 
the effective resistance of the reactor, which is connected 
in series with the primary winding of the 5600-volt, 
50-cycle transformers supplying energy to the lamp 
circuits. When the current in the d-c. winding of the 
reactor is at maximum, the secondary voltage of the 
supply transformers is at full normal voltage, and the 
lights at full brightness. 


Space does not permit of a complete description of the 
Barcelona Exposition lighting here; a more detailed 
account was given at the Annual Convention of the 
Illuminating Engineering Society, September 1929. 


THE MOTOR VEHICLE LIGHT TESTING LABORATORY 
OF MINNESOTA 


ProF. W. T. RYAN 


The regulations with respect to automobile head- 
lamps, included in the Uniform Traffic Act of the 
State of Minnesota, have now been in force for over 
two years. 


The Department of Electrical Engineering of the 
University of Minnesota established a testing labora- 
tory which was designated by the Department of High- 
ways, as the official testing laboratory for the State of 
Minnesota where the manufacturer’s samples are 
checked to see that required specifications are met. Pro- 
fessor E. W. Johnson, Director of the Motor Vehicle 
Light Testing Laboratory, has served also as an adviser 
to the Department of Highways on questions relating 
to lamp specifications, testing, and approvals. 

Samples from all of the principal manufacturing 
companies have been tested and the system is in active 
operation. A start has been made also in the enforce- 
ment of the headlamp adjustment requirements of 
this law, but much remains to be done in that line. 

Improvement is apparent, however, in night driving 
conditions, although really only a beginning has as yet 
been made. One large contributing factor is the decided 
improvement in the quality of the headlamps coming 
in on the new cars. The worst offender among old 
ones, some of which could not be adjusted to give a 
good driving light and others exceedingly sensitive to 
focaladjustment, are gradually disappearing. 

*Professor, Electrical Power Engineering University of Minne- 
sota,, Minneapolis, Minn. 
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The 1930 Winter Convention 


LIVE TECHNICAL SUBJECTS AND ENJOYABLE ENTERTAINMENT 
ARE ON PROGRAM 


One of the most interesting technical programs ever offered 
by the A. I. E. E. will be presented at the 1930 Winter Convention 
to be held in New York, January 27-31. 

Other attractive features which will make this a most enjoyable 
convention are also being planned. These include inspection 
trips, a lecture, the Edison Medal presentation, a smoker, and a 
dinner dance. 

The technical papers will cover the subjects of protective 
devices, power-system planning, field investigation of lightning, 
transoceanic telephony and telegraphy, dielectrics, welding, and 
electrical machinery. 

A special program for the ladies—sightseeing tours, shopping 
trips, teas, card parties, ete.,—is being arranged by the Ladies 
Entertainment Committee. 

Reduced railroad rates on the certificate plan will be in force; 
under this plan the round trip will cost only one and a half 
times the single fare. In order that this special rate may be 
obtained, everyone going to the Convention should secure a 
certificate from his local ticket agent. The return trip must 
have the same routing as used in attending the Convention and 
there are certain other restrictions which may be learned from 
local ticket agents. 

As tentatively arranged the schedule of events is given below: 


TENTATIVE PROGRAM OF WINTER CONVENTION 
Monpay, JANUARY 27 


10:00 a.m. Registration 
2:00 p.m. Session on Protective Devices 
8:15 p.m. Joint Session with Illuminating Engineering Society 
on Ultra Violet Radiation 
TUESDAY, JANUARY 28 
10:00 a.m. Session on Power System Planning 
2:00 p.m. Session on Selected Subjects 
8:00 p.m. Smoker with Entertainment 
WEDNESDAY, JANUARY 29 
10:00 a.m. Session on Lightning Investigations 
2:00 p.m. Inspection Trips 
8:30 p.m. Edison Medal Presentation and Lecture 
THURSDAY, JANUARY 30 
10:00 a. m. Session on Transoceaniec Communication 
2:00 p.m. Session on Welding 
Session on Dielectric 
7:00 p.m. Dinner Dance 


FRIpAy, JANUARY 31 


10:00 a.m. Session on Electrical Machinery 
2:00 p.m. Session on Electrical Machinery 
The technical papers deal with very live topics. The papers 
selected have been chosen from a very large number which were 
available. The following is a tentative selection of the papers 
to be presented. 
SESSION ON Protective Devices 
January 27—2:00 p. m. 
Metal-Clad Switchgear at State Line Station, A. M. Rossman, 
Sargent & Lundy, Inc. 
Development of the New Autovalve Arrester, J. Slepian, R. Tan- 
berg and C. E. Krause, Westinghouse Electric & Mfg. Co. 
Thyrite, A New Material for Lightning Arresters, K. B. McHach- 
ron, General Electric Co. ~ 
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Extinction of a Long A-c. Arc, J. Slepian, Westinghouse Electric 
& Mfg. Co. 

Use of Oil in Are Rupturing with Special Reference to System 
Stability, B. P. Baker and H. M. Wilcox, Westinghouse 
Electric & Mfg. Co. 


Joint Spsston witH ILLUMINATING ENGINEERING SOCIETY 
January 27—8:15 p. m. 


Production and Control of Ultra Violet Radiation, M. Luckiesh, 
National Lamp Works of General Electrie Co. 

An Ultra Violet Light Meter, H. C. Rentschler, Westinghouse 
Lamp Co. 


SESSION ON PowER SySTEM PLANNING 


January 28—10:00 a. m. 

System Connections and Interconnections in Chicago District, 
G. M. Armbrust and T. G. Le Clair, Commonwealth 
Edison Co. 

Fundamental Plan of Power Supply in the Detroit District, S. M. 
Dean, Detroit Edison Co. 

Fundamental Plan of Power Supply in the Philadelphia Area, 
Raymond Bailey, Philadelphia Electric Co. 

Turbine-Governor Tests at Colfax Power Station, T. C. Purcell and 
A. P. Hayward, Duquesne Light Co. 

Controlling Power Flow with Phase-Shifting Equipment, W. J. 
Lyman, Duquesne Light Co. 


SESSION ON SELECTED SUBJECTS 
January 28—2:00 p. m. 


The Units of the Magnetic Circuit, A. E. Kennelly, Harvard 
University 

The Calculation of Induced Voltages in Metallic Conductors, H. B. 
Dwight, Massachusetts Institute of Technology 

Induced Voltage of Electrical Machines, L. V. Bewley, General 
Electric Co. 

Design and Application of a Cathode Ray Oscillograph with 
Norinder Relay, O. Ackermann, Westinghouse Electric & 
Mfg. Co. 


SESSION ON LIGHTNING INVESTIGATIONS 
January 29—10:00 a. m. 


Résumé of 1929 Lightning Investigations, 
Lightning, 
Distribution 

Cathode Ray Oscillograph Studies of Lightning on Transmission 
Lines, J. H. Cox and Edward Beck, Westinghouse Electric 
& Mfg. Co. 

Surge Characteristics of Insulators and Gaps, J. J. Torok, West- 
inghouse Electric & Mfg. Co. 

Lightning Voltages on Transmission Lines, R. H. George, Purdue 
University and J. R. EKaton, Consumers Power Company 

Study of Traveling Waves on Transmission Lines with Artificial 
Lightning Surges, K. B. McEachron and W. J. Rudge, 
General Electric Co., and J. G. Hemstreet, Consumers 
Power Co. 

Lightning Investigation on 220-Kv. System of Pennsylvania Power 
and Light Co., Nicholas N. Smeloff, Penn. Power & Light 
Co., and A. L. Price, General Electric Co. 

Lightning Investigation on Ohio Power Co. System, F. W. Peek, 
General Electric Co. and Philip Sporn, American Gas & 
Elec. Co. 


Subcommittee on 
of Committee on Power Transmission and 
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SESSION ON COMMUNICATION 
January 30—10:00 a. m. 
The Post-War Decade in Submarine Telegraphy, I. 8. Coggeshall, 
Western Union Telegraph Co. 
Transocean Telephone Service—General Aspects, J. J. Pilliod, 
American Telephone & Telegraph Co. 
Short-Wave Radio Transocean Telephone Circuits 
(a) Transmission Features of Short-Wave Radio Circuits, 
R. Brown, American Telephone & Telegraph Co. 
(b) Technical Features of the New Short-Wave Radio Station 
of the Bell System, A. A. Oswald, Bell Telephone 
Laboratories, Inc. 
(ec) Plan and Construction of Short-Wave Radio Systems, 
F. A. Cowan, American Telephone & Telegraph Co. 


SEssIon ON WELDING 
January 30—2:00 p. m. 
Cathode Energy of the Iron Arc, G. E. Doan, Lehigh Univ. 


Resistance Welding, B. T. Mottinger, Federal Machine & Welder 
Co. 

Electrically Welded Structures under Dynamic Stress, Morris Stone 
and J. G. Ritter, Westinghouse Electric & Mfg. Co. 

Welding with the Carbon Arc, J. C. Lincoln, Lincoln Electric Co. 


SESSION ON DIELECTRICS 
January 30—2:00 p. m. 
Conductivity of Insulating Oils, J. B. Whitehead and R. H. 
Marvin, Johns Hopkins University 
Behavior of Dielectrics, R. R. Benedict, University of Wisconsin 
Three Regions of Dielectric Breakdown, P. H. Moon, and A. S. 
Norcross, Massachusetts Institute of Technology 


Ionization Studies in Paper-Insulated Cables—IIT, C. L. Dawes 
and P. H. Humphries, Harvard Engineering School 


High-Voltage Corona in Air, S. K. Waldorf, Johns Hopkins 
University 


Sression oN ExuecrricaL MacHINERY 
January 31—10:00 a. m. 
Loading Transformers by Temperature, V. M. Montsinger, 
General Electric Co. 


Recommendations for Safe Loading of Transformers by Tempera- 
ture, W. M. Dann, Westinghouse Electric & Mfg. Co. 


Tap Changing Under Load for Voltages and Phase-Angle Control, 
H. B. West, Westinghouse Electric & Mfg. Co. 


Telephone Interference from A-c. Generators Feeding Directly on 
Line with Neutral Grounded, J. J. Smith, General Electrie Co. 


Grounding Impedance, K. K. Palueff, General Electric Co. 


SEssIon ON Hiectricat MAcHINERY 
January 31—2.00 p. m. 
Generalized Theory of Electrical Machinery, Gabriel Kron, Lincoln 
; Electrie Co. 
Quiet Induction Motors, L. EB. Hildebrand, General Electric Co. 
Transient Torque—Angle Characteristics of Synchronous Machines, 
W. V. Lyon and H. EH. Edgerton, Massachusetts Institute of 
Technology 
Starting Performance of Salient-Pole Synchronous Machines, 
T. M. Linville, General Electric Co. 
Ventilation of Revolving-Field Salient-Pole Alternators, C. J. 
Fechheimer, Westinghouse Electric & Mfg. Co. 


Synchronous Machines, V, (Three-Phase Short Circuit), R. HE. 
Doherty and C. A. Nickle, General Electric Co. 


Committees 
The 1930 Winter Convention Committee is as follows: H. P. 
Charlesworth, Chairman; J. B. Bassett, S. P. Grace, C. R. Jones, 
H. A. Kidder, G. L. Knight, E. B. Meyer, and C. H. Stephens. 
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The chairmen of the subcommittees are, respectively: Enter- 
tainment, J. B. Bassett; Inspection Trips, F. Zogbaum; Dinner- 
Dance, C. R. Jones; Smoker, G. J. Read, and Ladies Entertain- 
ment, Mrs. G. L. Knight. 


District Meeting in Chicago 


The three-day District Meeting at the Drake Hotel in Chicago 
December 2-4 has a splendid program for both members and 
students. Complete details of the meeting were announced 
in the November issue of the JourNat page 843. No extensive 
announcement is given in this issue as the meeting will be in 
progress before the issue reaches most of the membership. 


World Engineering Congress, Tokyo 


The American delegation to the Tokyo Congress arrived in 
Japan October 22 and 28 after an exceedingly interesting voyage 
across the Pacific on the steamers President Jackson, Korea Maru 
and Empress of France. Japanese reception committees wel- 
comed the Americans and expedited their arrival at the various 
Hotels to which they were destined. 

The Congress opened with an official reception at the Imperial 
Hotel Tokyo, on Monday evening October 28th. 

The official opening of the Congress sessions occurred on the 
morning of October 29, the opening address being given by His 
Imperial Highness, Prince Chichibu, followed by addresses by 
the Prime Minister of Japan, Baron Furnichi, President of the 
Congress, and short addresses by representatives of the various 
National delegations. 

The technical papers were presented in twelve separate sec- 
tions covering various subjects. The total number of papers 
listed in the program comprised several hundred by authors from 
all parts of the world, making it necessary to hold ten sessions 
of the Congress simultaneously. The Tokyo Sectional Meeting 
of the World Power Conference was held in conjunction with the 
Congress, with a technical program so extensive that two ses- 
sions were conducted simultaneously each day. 

The social events, excursions, ete., were so numerous that 
here mere mention only is possible. They included dinners, 
luncheons, teas, garden parties, and other hospitalities for which 
the Japanese are noted. Many events were arranged particu- 
larly for the ladies in attendance. Some of the functions of 
particular interest were a reception at the Prime Ministers official 
residence, a tea party and ‘‘No”’ dance at Baron Mitsui’s resi- 
dence, a garden party given by Prince and Princess Chichibu at 
the Imperial Gardens, a luncheon given by the Mayor of Tokyo, a 
garden party at the residence of Baron Iwasaki, and many 
others scheduled for the remaining days of the Congress. 

The American Committee gave a dinner on October 31, at 
which the guests included Their Imperial Highnesses the Prince 
and Princess Chichibu and the delegates of all other countries 
represented at the Congress. The total attendance exceeded 
700. Addresses were given by Chairman Sperry of the American 
Committee, Doctor F. B. Jewett and George Otis Smith. 

At this writing, the Congress program is abeut half completed. 
After adjournment on November 7, the delegates and guests will 
participate in various excursions to places of engineering and 
scenic interest in Japan, Manchuria, China and elsewhere; a 
considerable number will continue their journey around the 
world. 

Inquiries regarding the technical program and the availability 
of copies of the papers presented may be addressed to Mr. 
Maurice Holland, Secretary of the American Committee of the 
Congress, 29 West 39th St., New York. 

Information relating to the technical papers presented at the 
World Power Conference may be obtained from Mr. O. C. 
Merrill, Chairman American National Committee, World Power 
Conference, 917 15th St., N. W., Washington, D. C. 
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VISIT OF PROFESSOR ALBERT VAN HECKE OF LOUVAIN 
UNIVERSITY 

As a fellow of the C R B Educational Foundation, Professor 
Albert Van Hecke, head of the Civil Engineering Department of 
Louvain University, is visiting Engineering Foundation and his 
other friends in the United States. He proposes to spend several 
weeks in study of recent advances in engineering research and 
practise in this country, his itinerary including Columbia Uni- 
versity, University of Illinois, Massachusetts Institute of Tech- 
nology, Princeton University and many others. By invitation 
he will participate in the celebration of the 175th anniversary 
of Columbia University; as the guest of Colone ArthurS. Dwight, 
a former Trustee of the University, he will attend the alumni 
dinner. 

On Dr. Van Hecke’s arrival in New York October 21st he was 
taken to the Edison celebration at Menlo Park as the guest of 
Doctor Edward Dean Adams, Past-President of the Edison Pio- 
neers and Honorary Member of Engineering Foundation. Doctor 
Adams was also Chairman of the Louvain Library War Memorial 
to American Engineers. On the evening of October 22nd Doctor 
Van Hecke was the guest of honor at a dinner given at the Cen- 
tury Association by Alfred D. Flinn, Director of Engineering 
Foundation and Secretary of the War Memorial Committee, for 
members of the Committee and delegates to the dedication of 
the Library. 

Professor Van Hecke is assisting also in developing American 
interest in the Steel Construction Congress to be held in Liege, 
Belgium, the latter part of the summer of 1930. The American 
Society of Civil Engineers and the American Institute of Steel 
Construction will participate in the Congress through the atten- 
dance of delegates and the presentation of papers and addresses. 
This Congress is a part of the celebration of the 100th anniver- 
sary of Belgian independence. 
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American Committee World Power 
Conference 


The American Committee of the World Power Conference will 
give a dinner in honor of Doctor O. von Miller, Honorary 
President of the Second World Power Conference, Saturday, 
December 7th, at the Metropolitan Club, New York City. 

Doctor von Miller is in the United States to discuss plans with 
prominent engineers and business men for the participation of 
this country in the World Power Conference to be held in Berlin, 
June 16-25. 1930. 

Mr. Henry J. Pierce, Vice-Chairman of the American Com- 
mittee, is in charge of arrangements here for the entertain- 
ment of Doctor von Miller, who is a Director of the Allgemeine 
Elektrizitats Gesellschaft, and the founder and organizer of the 
German Museum for natural and technical science in Munich. 


Special Symposium at American Mathe- 
matical Society Meeting 


Among the special features of the Thirty-Sixth Annual Meet- 
ing of the American Mathematical Society to be held at Lehigh 
University, Bethlehem, Pennsylvania, December 26-28, 1929, 
are two sessions devoted to an Engineering Symposium with 
some of the most distinguished research engineers participating. 
The general topic chosen is Differential Equations of Engineering 
and it is proposed that at each of the sessions on Saturday three 
half-hour papers be given by men eminent in their respective 
fields. The following isa list of the papers proposed: 

The problem of diffusion, Professor H. W. March, University 
of Wisconsin. 

Integraphs for differential equations, Professor Vannevar Bush, 
Massachusetts Institute of Technology. 
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Numerical integration of differential equations, Dr. T. H. Gron- 
wall, Physics Department, Columbia University. 

Plasticity and related problems of non-rigid bodies, Dr. A. 
Nadai, Westinghouse Electric and Manufacturing Company 
(formerly Professor of Applied Mechanics, University of Gét- 
tingen. : 

Analytic determination of flux plots, Mr. R. H. Park, En- 
gineering Department, General Electric Company. 

Problems in elasticity, Professor 8. Timoshenko, University 
of Michigan (formerly with Westinghouse Electric and Manu- 
facturing Company. 

The meetings will be held. in the new Packard Laboratory for 
electrical and mechanical engineering, a building which sets a new 
standard in equipment for teaching and research in engineering. 

Following the Symposium on Mathematics in Engineering, on 
Saturday evening, December 28, there will be a conference on 
the general topic of the establishment of a Journal in Applied 
Mathematics. 


New York Section Meetings of Illuminating 
Engineers 


At the December 12th meeting to be held in one of the newer 
hotels in New York City, The Modern Trend in Home Lighting 
will be discussed. Special arrangements are being made to make 
it of particular interest to the ladies, with an exhibit of some 
most recently developed types of equipment. 

The January 9, 1930 meeting will be on Inspection of Novel 
Color Cove Lighting Installation in Main Ball Room at the Hotel 
St. George, Brooklyn, N. Y. F. J. Cadenas will demonstrate 
and explain the installation and M. Messner of Bing and Bing 
Corporation will speak on decorating with colored lighting ver- 
sus paint and fabric. 
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Symbols for Photometry and Illumination 

A revision of the Symbols for Photometry and Illumination 
has been drawn up by a subcommittee of the Sectional Com- 
mittee on Scientific and Engineering Symbols and Abbreviations 
working under the procedure of the American Standards Associ- 
ation. The present Section of the A. I. E. E. Standards No. 37, 
entitled ‘Illuminating Engineering Nomenclature and Photo- 
metric Standards’ contains the list of symbols of which this 
report is arevision. No. 37 was prepared under the direction of 
the Illuminating Engineering Society and became an American 
Standard in 1925. The proposed revision was approved by the 
Board of Directors of the Institute, one of the sponsors at their 
meeting of October 18th. As soon as approval of the revision 
as an American Standard is obtained a revised edition of No. 37 
will be issued. 


Navigational and Topographical Symbols 

A report on Navigational and Topographical Symbols has been 
submitted for approval by a subcommittee of the Sectional 
Committee on Scientific and Engineering Symbols and Ab- 
breviations. This report is identical with the symbols covered 
by the chart “Standard Symbols Adopted by the Board of 
Surveys and Maps, United States of America,” edition of 1925 
except as follows: That the symbols for Aerial Navigation be 
superseded by those adopted by that Board in 1928; and that 
the abbreviations for use on military maps be omitted. The 
report of the subeommittee included some recommendations of a 
minor nature, particularly with regard to miscellaneous informa- 
tion shown on map. The report was approved by the Institute 
as one of the joint sponsors by action of the Board of Directors on 
October 18th. For details of report inquiry should be made 
through the headquarters of the American Standards Associa- 
tion, (Dr. P. G. Agnew, Secretary), 33 West 39th St., New 
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York, N. Y. Copies of the chart of Standard Symbols may be 


obtained through the U. S. Geological Survey, Washington, 
D.C. Price 40 cents. 


National Electrical Code Approved 


The 1929 edition of the National Electrical Code has been 
approved as an American Standard by the American Standards 
Association. The technical provisions of the new edition are not 
materially changed although certain new practises have secured 
recognition. Copies of the code can be obtained through the 
National Fire Protection Association, 109 Leonard St., New 
Wore, INI, WY, 


Protection of Electrical Circuits and Equipment Against 
Lightning 

For a number of years, through the medium of a Sectional 
Committee organized under the procedure of the American 
Standards Association, the A. I. E. E. and the Bureau of Stand- 
ards have been engaged in developing “‘Standards for Protection 
of Electrical Circuits and Equipment Against Lightning.” 
The preliminary report of the Sectional Committee has just been 
published by the Department of Commerce as Miscellaneous 
Publication No. 95 of the Bureau of Standards. The protection 
of persons, buildings, oil tanks, ete., has been dealt with in the 
“Code for Protection Against Lightning’? which is already an 
approved American Standard. Originally, it was intended 
that in addition to the material in this Code there should be 
additional facts dealing with the protection of power and railway 
circuits and equipment. Present practise in these fields has not 
however crystallized to the point where it is felt that definite 
standards could be set up. Nevertheless, the committee col- 
lected information as to methods of protection now in vogue and 
practises which have been found satisfactory. This preliminary 
report has therefore been issued not only to make available the 
material therein, but of presenting the present results for con- 


ANNUAL MEETING 
It was decided that the annual meeting of American Engineer- 
ing Council would be held in Washington, D. C., January 9-11, 
1930. 


A. E. C. MAPPING PROGRAM 

Pursuant to the instructions of the Administrative Board of 
American Engineering Council, the Executive Secretary had 
conference with the Secretaries of Commerce and Interior and 
the Director of the Bureau of the Budget for the purpose of point- 
ing out to them the need of an increased appropriation for the 
topographic and water resources work of the U. S. Geological 
Survey, and also for the Hydrographic Branch of the Coast and 
Geodetic Survey Branches. Those conferred with were keenly 
aware of the value of such work and the necessity of expediting 
it, and expressed a desire to do what they could to bring about an 
enlargement of the work. 

Following an interview with Secretaries Wilbur and Lamont, 
President Hoover issued a statement saying that a program had 
been perfected by the Secretaries of Interior and Commerce 
under which topographic coast and geodetic surveys of the United 
States are to be completed within 18 years, instead of 20 years as 
originally planned. The program will be made effective in this 
year’s budget. It is estimated that it will cost $1,000,000 more 
annually to expedite the surveys. This would seem to indicate 
that the present administration is cognizant of the need of ex- 
pediting the topographic survey program and that the provisions 
of the Temple Act are being taken seriously. 
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sideration and criticism. Copies of the report may be purchased 
at a cost of 25 cents from the Superintendent of Documents, 
Government Printing Office, Washington, D. C. 


Faraday Electromagnetic Centenary 


Arrangements initiated by the Royal Institution for the cele- 
bration of the Centenary of Faraday’s discovery of electromag- 
netic induction have already been announced. At a representa- 
tive meeting held at the House of the Institution on February 
5th, 1929 the formation of two committees was agreed to, and 
these committees are now at work. The first, consisting of rep- 


resentatives of the Royal Society, the British Association, and 


other scientific societies, as well as the Royal Institution, is con- 
cerned with the purely scientific aspects of Faraday’s work in 
relation to the proposed celebrations; the second committee 
which has been called together by the Institution of Electrical 
Engineers consists of representatives of the principal organiza- 
tions of those industries which have risen in the past hundred 
years upon the scientific foundation of Faraday’s discoveries 
and is dealing with the industriai aspects of the celebrations. 

The two committees are working in close cooperation; the pre- 
liminary discussions which have taken place indicate that the 
significance of the Centenary is very widely appreciated and that 
the celebrations are likely to arouse world-wide interest and sup- 
port. The dates have now been fixed and the proceedings will 
commence in London on Monday, September 21st, 1931. , Fur- 
ther, an intimation has been received from the British Associa- 
tion that their Centenary Meeting will be held in London during 
the week commencing September 23rd, 1931. These two Cen- 
tenaries, with important electrical conferences and other events 
which are to take place about the same time, will thus conjoin 
to make the year 1931 a memorable one in this and every country 
where the genius of Faraday has borne fruit. 
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RECOMMENDS ENGINEERS FOR INTERNATIONAL JOINT 
COMMISSION 

As a matter of policy, the question of securing engineering 
representation upon the International Joint Commission came 
up for consideration. Council voted to authorize and instruct 
the Executive Secretary to do what in hs judgment seemed best 
to accomplish the appointment of civilian engineers on this 
Commission. 


TWO-HUNDREDTH ANNIVERSARY OF BIRTH 
ENGINEER PRESIDENT 

A special committee composed of Lieutenant-Colonel U. S. 
Grant, 3rd; Colonel C. H. Birdseye; Dean A. N. Johnson; Colonel 
D. H. Sawyer; A. G. Bruce, and J. C. Hoyt, have carefully stud- 
ied the various projects offered as a possible means of engineering 
participation in the celebration of the two hundredth anniver- 
sary of the birth of George Washington, the first engineer 
President of the United States. This committee brought in four 
proposals, two of which received the endorsement of Council. 
The first was the endorsement of the Cramton bill (H. R. 26) 
which provides for the acquisition, establishment, and develop- 
ment of the George Washington Memorial Parkway along the 
Potomac from Mt. Vernon and Fort Washington to the Great 
Falls, and the acquisition of lands in the District of Columbia, 
and Virginia requisite to the comprehensive park and play- 
ground system of the National Capital. This bill embodies a 
broad and constructive vision of a park system which will place 
Washington in a most favorable position in comparison with 
great Kuropean capitals. 
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The Administrative Board voted that Council recommend to 
the engineering profession as an appropriate participation in the 
celebration of the two hundredth anniversary of the birth of 
Washington, and as a tribute to and memorial of Washington, 
the Engineer, that the profession undertake to repair sufficiently 
to preserve the structures of the so-called ‘‘Pawtowmack Canal,” 
which canal is about one mile long, embracing five locks con- 
structed under the personal supervision of Washington for the 
purpose of passing around the Great Falls of the Potomac River. 
The only structures now in existence known to have been the 
work of the first engineer President of the United States. 


ST. LAWRENCE WATERWAY 

The question of the St. Lawrence Waterway arose through 
consideration of S. J. Res. 87 and H. R. 733, the former propos- 
ing to state the position of the United States as endorsing the 
development of the St. Lawrence for ocean-going vessels, and the 
latter providing for a definite deep waterway for ocean-going 
vessels from the Great Lakes to the Atlantic by way of the St. 
Lawrence River and Welland Canal. Council favored these two 
bills in principle, and recommended the appointment of civilian 
engineers as well as Army engineers on the commission recom- 
mended by the two measures. 


CONSULTING ENGINEERS FOR GOVERNMENT SERVICE 

H. R. 4195 proposes to authorize the employment of consult- 
ing engineers for the Air Corps, Chemical Warfare, and Ordnance 
Departments. The maximum salary payable is $50 per diem. 
Council endorsed the Public Affairs Committee’s reeommenda- 
tion that the same action be taken in connection with this bill as 
with the bill of similar nature relating to employment of con- 
sulting engineers for reclamation work,—namely, that the bill 
be approved in principle but with the comment that the rates of 
compensation provided are not those at which competent con- 
sulting opinion is obtainable—and if secured by the Govern- 
ment at the rates provided in the bill, it will be at the personal 
sacrifice of those accepting them. 


STUDY OF AIRPORTS CONSIDERED 

The Committee on Research recommended that Council make 
a cooperative study with the Bureau of Aeronautics, Department 
of Commerce, on the subject of airports. This recommendation 
was given careful consideration by a special committee composed 
of O. H. Koch, H. E. Howe, George T. Seabury, R. C. Marshall, 
Jr., J. L. Harrington, which recommended ‘‘that a committee be 
appointed to confer with the Bureau of Aeronautics to work out 
a plan whereby the Bureau and American Engineering Council 
may cooperate in formulating a report for the general informa- 
tion and guidance of public bodies into the diversibility and 
importance of engineering problems in the design of airports.” 
This recommendation was adopted by Council. 


ADVISORS FOR ROSENWALD MUSEUM 

Walter Kaempffert, Director of the Rosenwald Industrial 
Museum of Chicago, has requested Council’s cooperation in the 
establishment of this museum. The Administrative Board ap- 
proved the Executive Committee’s recommendation that Council 
accept the invitation of the officers of the Rosenwald Museum, 
and designate one or two advisors for the Museum’s board of 
directors. 


RELIEF OF ENGINEERS FROM DUTY WITH COMBAT 
FORCES 

Secretary of War James W. Good recently in a letter to Con- 
gress requested that the President be empowered to exempt 
officers of the Corps of Engineers, Medical Corps, Ordnance 
Department, and Chemical Warfare Service from the provisions 
of the section of our ‘National Defense Act requiring periodic 
duty with troops of one or more of the combatant arms. Mr. 
Good’s recommendation has been referred to the House Com- 
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mittee on Military Affairs and a bill has been introduced into 
the Senate (S. 1883) carrying the provision requested by the ad- 
ministration. Secretary Good pointed out that in view of the 
increasing responsibilities of the Corps in connection with flood 
control projects and river and harbor works, and because of the 
increasing need for unbroken administrative direction in par- 
ticular projects, that it would serve the public interest to permit 
the assignment of engineer officers to public works for such per- 
iods as necessary to complete them. Ordinarily such details 
would not extend beyond the four-year period and very few officers 
would be affected. Furthermore the proposed legislation would 
be without cost to the Government. The advantage of securing 
continuity of ministration in the large civil projects entrusted 
by Congress to the Corps of Engineers would, in the opinion of 
the Secretary of War be a substantial one. This is exactly the 
contention which representatives of American Engineering 
Council have continually made to Congress in hearings on the 
question of the establishment of a Department of Public Works. 


PLEA FOR FOREST CONSERVATION 
A delegation of individuals representing organizations inter- 
ested in forest conservation called on President Hoover October 
30 and presented a plea for increased appropriations for forest 
conservation work The delegation was headed by George D. 
Pratt, President of the American Forestry Association. Ameri- 
can Engineering Council was represented by L. W. Wallace, Ex- 
ecutive Secretary 
Mr. Pratt, speaking to President Hoover on behalf of the dele- 
gation said, ‘‘These laws cannot become effective unless the ap- 
propriations authorized are granted by the Bureau of the Budget, 
the laws to which I refer are; 1. The Clarke-MeNary Act with 
authorized appropriations of $2,700,000; 2. The Woodruff- 
MeNary Act, with authorized appropriations of $8,000,000; 
unappropriated balance $4,000,000. 3. The McSweeney-McNary 
Act, with authorized appropriations of $3,575,000.” 
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Rosert J. Hancuerr has recently organized the Southern 
Electric Works, Inc., 1167 East 63d Street, Los Angeles, Califor- 
nia, of which he is President and Consulting Electrical Engineer. 

EK. P. Ditton has just been made Vice-President in Charge of 
Sales of the E. Y. Sayer Engineering Corporation, New York, 
N. Y. Previously Mr. Dillon was Manager of the Research 
Corporation. 

M. A. Mutyany has resigned the position of Radio Engineer 
(civilian) with the Navy at Pearl Harbor, to become Chief Engi- 
neer and Director of Radio for the Advertising Publishing Co. 
Limited, of Honolulu, T. H. 

Sytvan Harris, identified with radio engineering for nearly 
ten years, has joined the engineering staff of Fada Radio, and 
has been assigned by F. A. D. Andrea, President of that com- 
pany, to special research work in the Fada Laboratories in Long 
Island City. 

D. McFarian Moors, Fellow of the Institute and Research 
Engineer of the General Electric Company on November 5th 
delivered an address on Gaseous Conduction to a very much 
interested audience at the Lehigh University Chapter of the 
Society of the Sigma Xi, of which is is a member. 

Epwarp B. Newitt, of Forest Hills, has resigned as manager 
of the Control Engineering Department of the Westinghouse 
HKlectric and Manufacturing Company to become affiliated in an 
executive capacity with the radio manufacturing company being 
formed jointly by the General Motors Corporation and the Radio 
Corporation of America. Mr. Newill entered upon his new posi- 
tion October 16, under the title of assistant to the President of 
Delco Products Company, with temporary headquarters at 
Dayton, Ohio. 
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Death of Honorary Secretary Pope 


Raten WAINWRIGHT Porg, pioneer member of the Institute, 
elected its Secretary in 1885 and for twenty-seven years consecu- 
tively thereafter, died November 1, 1929 at his home in Great 
Barrington, Massachusetts. Although in his eighty-fifth year, 
he had apparently been in good health and the end came suddenly 
of heart failure. 

Great Barrington, where he spent most of his life, was also his 
birthplace, his rudimentary schooling being acquired in the little 
old red schoolhouse there. In the autumn of 1857 he left the 
local school to attend the academy at Amherst, but ill health 
overtook him and he left the Amherst Academy to enter the 
North Amherst dis- 
trict school. He al- 
ways learned quickly 
and was a pupil of 
good application, but 
because of sickness he 
dropped behind his 
classes and finally re- 
turned to Great Bar- 
rington, where he com- 
pleted his school life at 
the age of thirteen. 

The nature of his fu- 
ture undertakings was 
strongly evidenced in 
his ehildhood amuse- 
ments; mechanism fas- 
cinated him and he 
created quite a mo- 
nopoly on the small 
wheels from the carts 
of the children with 
whom he played, build- 
ing with these spare 
parts, waterwheels, 
miniature railroads 
and various other ex- 
perimental structures 
of mechanical nature. 
From one of _ his 
mother’s plaster bon- 
net blocks he made a 
mold for more ecart- 
wheels, pouring into it 
melted lead and build- 
ing up quite a local 
activity among his 
playmates. 

Upon his return to 
Great Barrington, he 
found his brother in 
charge of the local tele- 
graph office. This offered a marvelous place in which to spend 
all his spare time, picking up a knowledge of telegraphy and 
unwittingly laying the foundation upon which his future career 
was built. 
Housatonie Railroad, was without an assistant and took great 
interest in the boy, teaching him many phases of the railroad’s 
activities and acquiring such faith in his ability to do that when 
the company was in need of a man, Ralph Pope was heartily 
recommended to Mr. Hunt, the assistant superintendent; at the 
age of fifteen he became telegrapher for the Housatonic Railroad 
Company. From that time he was continuously identified with 
electrical engineering work. The sent him to the 
Bridgeport office, but he was returned to the Great Barrington 
office to meet an emergency situation arising in the service there. 


company 
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Theodore M. Chapin, local station agent for the: 


The Hughes receiving instrument upon which Mr. Pope learned 
had now been changed to a Morse, but he easily accomplished 
the changeover in operation and was soon known as an ‘‘expert 
sound receiver.’’ Consequently at the outbreak of the Civil 
War when dependable and competent operators were at a pre- 
mium he was well qualified to offer his services and he was 
promptly installed in the New York office of the American Tele- 
graph Company. The volume of work involved in the sending 
and receiving of war news was almost unlimited; close confine- 
ment was again telling upon Mr. Pope’s health and much of night 
work with long hours was being pressed upon him. He was then 
twenty-two years of 
age and was on the 
verge of giving up; 
but the searecity of 
operators impelled 
him to continue. He 
was, however, trans- 
ferred shortly to the 
New Haven office and 
then to Providence at 
a good inerease in 
salary. 

In 1865 he joined the 
Collins overland tele- 
eraphie expedition, a 
famous pioneer band 
whose ambition it was 
to establish a through 
service to Europe by 
way of Alaska and Si- 
beria. Mr. Pope went 
with them into the 
wilds of British Colum- 
bia in true pioneer fash- 
ion, sailing for San 
Francisco in April of 
that year and proceed- 
ing at onee to Victoria, 
B. C. Final prepara- 
tion for the pioneer 
life was completed 
at New Westminster. 
The party traveled 
up the Frazer River, 
sleeping in the open 
much of the time with 
nothing but their 
blankets for shelter, 
traveling sometimes on 
foot, sometimes on 
mules, pulling their 
boats after them on 
land that they might have them for the necessary fording of 
the stream in other sections. There is no truer test of adaptabil- 
ity than that imposed by such an adventure and through the 
this key-note of all Mr. Pope’s life was 
Further effort of this 
successful laying of a 


entire experience 
characteristically demonstrated. 
dition was finally abandoned with the 
transatlantic cable replacing the necessity which they were 


expe- 


striving to meet. 

For ten years subsequent Mr. Pope was in the service of the 
Gold and Stock Telegraph Company, resigning a position as its 
deputy superintendent in 1883 and until 1888 becoming actively 
interested in the editing and publication of technical electrical 
journals. He was associate editor of The Telegrapher and The 
Electrical Engineer, and editor of Electric Power, which he founded. 
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Under the energy and tact of his"part time secretarial adminis- 
tration the Institute made rapid and important strides in its 
development and in 1887 he was persuaded to devote practically 
all of his time to its activities and interests. Constantly study- 
ing the needs of its progression and ever watchful of opportunity 
to recommend or endorse the adoption of methods to improve 
its work of cooperation in any advancement of the profession 
and general good of humanity, he labored unceasingly and 
diligently. |The office of Secretary was an elective one and per- 
haps the greatest tribute paid to the worthiness and stead- 
fastness of Mr. Pope’s character lies in his repeated reelection 
by a membership vote. His clear conception of detail, painstak- 
ing, orderly methods and, withal, a genial and sympathetic 
spirit, endeared him to all and earned for him the gratitude and 
affectionate appreciation not only of the directors and members 
of the Institute but that of the multitude of other friends and 
fellow workers with whom his full and active life brought him 
in contact. He relinquished his active work as Secretary of the 
Institute in 1911, and was their appointed Honorary Secre- 
tary for life. 

It was at his suggestion that the Institute’s Sections were 
developed. Past-President Professor Charles F. Scott deseribes 
this epoch-making period of the Institute’s history in brief as 
follows: 

“In the spring of 1902 while the vote for President of the 
Institute was being canvassed, Secretary Pope said to me, ‘Mr. 
Scott, it seems pretty certain that you will be the next President 
and I want to suggest that this will be an opportune time to 
develop local meetings of the Institute. There are now such 
meetings in Chicago, and they were held for a time by the St. 
Paul-Minneapolis group. This is an enterprise which I have 
been considering for a long time but have not received active 
support. It seems to me that you might take up the extension 
of local meetings during your administration.’ I replied that 
I would vigorously support his proposal, as it was a practical 
means of expanding institute activities geographically; it would 
extend to distant members the new interest and impetus which 
Doctor Steinmetz (then President) was giving to the monthly 
meetings in New York. The appointment of a committee on 
local organizations was made at the first meeting in the fall and 
at my suggestion this committee was authorized to establish 
Student Branches as well as Sections among the Institute mem- 
bers. While President and committees gave support to the 
project, it was the enthusiasm and indefatigable interest of 
Secretary Pope that was one of the strong contributing factors 
in the development of the Sections and Branches which have so 
amply justified the vision and efforts of the faithful Secretary 
who served the Institute during its first quarter of a century.” 


Obituary 


John William Lieb, senior Vice-President of the New York 
Edison Company and an outstanding worker in the electrie public 
utility field, died at his home in New Rochelle, New York, 
November 1, 1929, after an illness of several weeks. 

Mr. Lieb was the Institute’s President 1904-1905. Through- 
out his life he played an important part in organization and exe- 
cution in electrical and allied fields. He was born in Newark, 
New Jersey in 1860 and in 1880, was graduated from Stevens 
Institute of Technology. Almost immediately he took a position 
as draftsman with the Brush Electric Company in Cleveland, 
but after a few months of service, he joined the Hdison Electric 
Light Company of New York, becoming assistant in the Engi- 
neering Department. He showed high executive ability, and 
evidently impressed Mr. Edison at once, for he was soon doing 
important work in planning the pioneer task that lay ahead of the 
company in supplying the city with incandescent lighting and 
other forms of electric power. Following the erection of the Pearl 
Street Station, he worked with Mr. Edison in the subsequent 
tests of its use and the inauguration of its service. On September 
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4, 1882 he was appointed first electrician of the company. So 
thorough and representative was Mr. Lieb’s work that in 1883 
Mr. Edison selected him as the man to go to Milan, Italy, to 
supervise the erection and operation of the station for the 
Italian Edison Company, as Director of the Societa Generale 
Italiana di Elettricita Sistema Edison, and for his work in intro- 
ducing the use of electricity into Italy, he was made Knight 
Commander of the Royal Order of the Crown of Italy, in which 
he was later promoted to a Grand Officer. He was also made an 
officer of the French Legion of Honor. 

At the invitation of the President of the Edison Electric 
Illuminating Company, Mr. Lieb in 1894 returned to New York 
as Assistant to the Vice-President. He was then made Vice- 
President and General Manager of the Company. and when the 
New York Edison Company was organized, he became Associate 
General Manager with the late Thomas E. Murray, eventually 
to occupy the office of Vice-President and General Manager. 
Last year, when the Brooklyn Edisan was brought under the 
control of the Consolidated Gas Company—owner of the New 
York Edison and associated electrie companies in the metro- 
politan distriet—with Mr. M. S. Sloan as President of the com- 
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bined electric properties, Mr. Lieb retired from the more active 
duties of management to become Senior Vice-President. 

The Edison Medal was awarded him in 1923 “‘for the develop- 
ment and operation of electric central stations for illumination 
and power.’”’ He wasa pioneer in the field of technical education, 
writing and lecturing extensively himselfjand owning perhaps one of 
the most comprehensive private libraries in existence. He is 
accredited with having the largest collection dealing with the 
work of Leonardo da Vinei ever made and for many years he 
was engaged in investigating and translating text of da Vinci 
research in natural science and engineering. (Through his 
membership in the Raccolta), of which he was a correspondent, 
many of these translations were transmitted to Italy and re- 
published. 

During the war period, Mr. Lieb as Chairman of the National 
Committee on Gas and Electric Service rendered valuable 
national service. He was also President and Chairman of the 
Board of the Electrical Testing Laboratories, Vice-President of 
the Electric Light and Power Installation Corporation; former 
President of the Kdison Pioneers, the New York Electrical 
Society, and the National Electric Light Association. Besides 
his office as such in the New York Edison Company, he held direc- 
torship in the Yonkers Electric Light and Power Company, the 
United Electric Light and Power Company, the New York and 
Queens Electric Light and Power Company, the International 
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Power Securities Company, the Brush Electric Iluminating 
Company and the Empire City Subway Company. He was a 
Past-President of the American Society of Mechanical Engineers, 
a Fellow of the American Academy of Sciences, trustee of the 
Stevens Institute of Technology; trustee and Vice-President of 
the The Museums of the Peaceful Arts; trustee of the United 
Engineering Society and the Italy-America Society; and a mem- 
ber of the American Society of Civil Engineers, the Tiluminating 
Engineering Society, Franklin Institute of Philadelphia, Ameri- 
can Association for the Advancement of Science, and numerous 
other professional and civic organizations, national and local. 
He was an honorary member of the Society of Italian Engineers 
and Architects, and of the Society of Italian Railway Engineers; 
Vice-President of the Union Internationale des Producteurs et 
Distributeurs d’Energie Electrique; and a member of the 
Elektrotechnischer Verein, the Associazione Elettrotecnica 
Italiana, the Institution of Electrical Engineers of Great Britain, 
the Royal Society of Arts, and the Newcomen Society of London. 
In 1921 Stevens Institute conferred upon him the honorary de- 
gree of Doctor of Engineering. 

Mr. Lieb’s strong personality and vigorous leadership will be 
greatly missed in the many activities in which he was 
collaborative. 

Guido Semenza, one of the best internationally known 
electrical engineers and Honorary Secretary for the Institute in 
Italy, died November 7, at Milan, after a protracted illness. 
His passing will be mourned by a host of friends to whom he had 
endeared himself by his intellectual ability, lovable character 
and charming personality. 

He was born December 19, 1868 in London of Italian parent- 
age. As a child he returned to Italy with his parents where 
his early education and classical studies began, andin 1893 he was 
graduated an Industrial Engineer (Electrical Section) from the 
Royal Polytechnic of Milan. Subsequently he received another 
degree in electrical engineering at the Institute Montefiore in 
Liege. The following year he became associated with the 
Milan Edison Company, later becoming its technical director. 

In 1895-1896 he directed the construction of one of the pioneer 
hydroelectric developments, the Paderno Plant on the Adda, 
transmitting power to the City of Milan, and in that connection 
as a result of his keen analysis of the economies of transmission, 
he developed the ‘‘A”’ type of towers. 

While engaged in central station work he made many contri- 
butions to the development of the art of power transmission and 
distribution. His progressive ideas and sound judgment at- 
tracted the attention of engineers and utility executives not only 
in Italy but in other countries, and the call for engineering advice 
on many new important projects led Mr. Semenza to leave the 
employment of the Milan Edison Company and open a con- 
sulting engineering office. Since then, Mr. Semenza was re- 
tained in a consulting capacity by innumerable private and 
public undertakings in all branches of electrical applications, 
including power generation, telephony, traction, etc. Some of 
his work was in foreign countries, making business connections 
with important engineering firms abroad, such as Merz & 
MelLellan. During this time he also served as a member of the 
Board of Directors of many electrical companies. 

In 1923 he sueceeded in enlisting the necessary support to re- 
organize the company known as the C. G. S. (formerly Olivetti). 
He became its president, and in a very few years it reached a high 
degree of prosperity, becoming the largest manufacturer of 
electrical meters and instruments in Italy. 

Outside of these professional pursuits, Mr. Semenza was a 
most devoted worker in all activities affecting the intellectual 
and industrial development of electrical associations in Italy 
and throughout the world. The transactions of engineering 
associations and congresses as well as technical periodicals are 
replete with his articles, discussions, and contributions, charac- 
terized by profundity of thought and clearness of expression. 

He was President of the Associazione Elettroteenica Italiana, 


INSTITUTE AND RELATED ACTIVITIES 


927 


to which he gave unsparingly of his time and ability, and a 
member of numerous foreign societies. 

He was also one of the founders of the International Electro- 
technical Commission, to which, since its inception, he had given 
generously of his time and advice. From 1923-1927 he served 
as its Presiden tand as such he presided at the convention in 
New York two years ago. 

To Mr. Semenza for his persistent work and unexcelled, tactful 
handling of the many questions arising before that organization, 
the I. E. C. owes a great debt of gratitude. 

Mr. Semenza was the type of a great engineer endowed with 
the most propitious aptitude for scientific studies and industrial 
activities, to both of which he contributed abundantly on the 
one hand, by evolving keen synthetic analysis of arduous scien- 
tific questions and on the other by directing and promoting 
industries. He aimed constantly at results without considera- 
tion of material interests. 

Both from Italy and foreign governments and associations, 
Mr. Semenza received innumerable decorations and testimonials 
of recognition and esteem, but perhaps the most cherished to him 
must have been the award last spring of the Faraday Medal by 
the British Institution of Electrical Engineers. ‘The recipients 
of the medal in the order of award are: Oliver Heaviside, Sir 
Charles Parsons, Dr. S. Z. de Ferranti, Sir J. J. Thomson, 
Colonel R. E. B. Crompton, Dr. Elihu Thomson, Professor 
J. A. Fleming, Guido Semenza. The year previous he was made 
an officer of the French Legion of Honor. 


Henry A. Coles, District Manager of the Westinghouse Elec- 
tric and Manufacturing Company’s branch at Atlanta, Georgia, 
died October 27 at the Roosevelt Hotel, New Orleans. He was 
63 years old and moved to Atlanta 30 years ago from Niagara 
Falls, where he was Sales Engineer for the Westinghouse 
Company. 

Mr. Coles was born at Tallwood, Va., and attended Roanoke 
College. He was graduated from the University of Virginia in 
1891. For’ a year he was associated with the Edison General 
EKlectrie Company in Schenectady, resigning in 1892 to join the 
Westinghouse Company. Mr. Coles joined the Institute as an 
Associate in 1904 and advanced to Member in 1913. 

Francis A. J. FitzGerald, Consulting Electrical Engineer of 
the FitzGerald Laboratories Inc., Niagara Falls, N. Y. and for- 
mer President of the Electrochemical Society, died of pneumonia 
October 26 at his home in Niagara Falls, N. Y. He was born in 
Dublin, Ireland, June 1, 1870, his first education being in a pri- 
vate school; later in attending public school at Uppingham, 
England. In 1892 he obtained a degree of B. A., moderatorship 
and medal in Experimental Physies and Chemistry at Trinity 
College, Dublin University, Dublin, Ireland. He then came to 
this country and earned his B. S. in Electrical Engineering at the 
Massachusetts Institute. of Technology. In 1895 he engaged 
with the Carborundum Company of Niagara Falls in charge of 
the Electric Furnace and Chemical Departments and in Re- 
search Work; in 1903 the FitzGerald and Bennie Laboratories 
were organized with Mr. FitzGerald Consulting Engineer. This 
work included design, construction and operation of the induc- 
tion furnace plant of the American Electric Furnace Company 
as well as many other important plants for the Cartner Electro- 
lytic Alkali Company, the National Carbon Company and others. 
Mr. Fitzgerald assisted in organizing the Acheson Graphite 
Company and in perfecting the graphite process; also aiding 
Doetor Acheson in other discoveries relating to graphite. He 
was a charter member of the Niagara Club. He became a 
Member of the Institute in 1914. 

Walter H. Millan, Superintendent of Substations of the Union 
Electric Light and Power Co., died at his home at St. Louis, Mo. 
on November 13, 1929, at the age of 40. Mr. Millan was born at 
St. Louis, Mo. and was educated in the publie and night schools 
of that city. In addition, he studied Electrical Engineering 
through the I. C. S. He began his service with the Union Eleec- 
trie Light and Power Co. in 1903 and has been a pioneer in the 
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development and application of automatic switching equipment 
for Edison systems and a-c. substations. Mr. Millan was elected 
an Associate of the Institute in 1914, a Member in 1921 and a 
Fellow in 1927. His interest in the Institute has been active 
and continuous. He served as Chairman of its Automatic Sta- 
tions Committee in 1927 and 1928 and was a member of this 
committee in 1929. He served as Chairman of the St. Louis 
Section in 1927. In contribution to technical literature, in 
addition to various articles in the Electrical World, he has pre- 
sented several papers before the Institute. 

At the time of his death Mr. Millan was a member of the 
Engineers’ Club of St. Louis; he was a Past Master of Pilgrim 
Lodge A. F. & A. M. No. 652 of St. Louis and a 14th degree Scot- 
tish Rite Mason. 

Robert Meredith Searle, an Associate of the Institute since 
1909 and President of the Rochester Gas & Electric Company, 
Rochester, N. Y., died at his home in that city November 13. 

Mr. Searle was born at Peekskill, New York, March 3, 1869, 
he was educated, however, in the New York City schools. Ever 
since 1885 he had been in the gas and electric business, serving 
in almost every capacity from stationary engineer to president. 
Practical work in the engineering profession, with studying night 
and day, gave him high capability. His first work was as an 
office boy for Thomas A. Edison. Then he went to Philadelphia 
with the United Gas Improvement Company where his advance- 
ment was so rapid that before leaving to become foreman for the 
Consolidated Gas Company Plant in New York City, he had had 
charge of a number of plants as superintendent and engineer. 
Later he returned to the United Gas Company as Superintendent 
of its various plants and still later became operating executive of 
the Westchester Lighting Company at Mount Vernon, New 
York. In 1906 he was appointed General Manager of the Roch- 
ester Railway and Light Company, at that time controlled by 
the Andrews-Vanderbilt interests. The Rochester Gas and Elec- 
tric Corporation grew out of this company, and Mr. Searle was 
advanced to the vice-presidency and ultimately to the presidency 
of the new company; in this office he remained the unanimous 
choice of holding concerns which subsequently controlled it. He 
also took a leading part in civic affairs and was at one time Presi- 
dent of the Rochester Chamber of Commerce. In 1922 he be- 
came a member of an advisory committee to assist the Public 
Service Commission in aiding State public utilities to obtain 
coal during a strike period, and later became Fuel Administrator 
for the Western District of New York. For the past eight 
years he has worked on the problem of electrification of the New 
York Central’s lines from New York to Buffalo, his ability in 
finance qualifying him to represent the railroad in this connection 
as well as from the electric power point of view. At the time of 
his death he was President and Director of the Rochester Gas 
and Electric Corporation, the Mount Morris Illuminating Com- 
pany, the Mount Morris Water Power Company, the Geneseo 
Gas Light Company, the Caneadea Power Corporation, the 
Hilton Electric Light, Power and Heat Company and the Cooper 
Electric Corporation. He was also a Director of the Rochester 
Security Trust Company. 


Arthur C. Scott, Consulting Engineer of Dallas, Texas, and a 
Member of the Institute since 1917, died in that city, at the age 
of 56. He was a native of Belmont, N. Y., received his degree 
of B.S. from R. I. College of A. & M. Arts in 1895, Mechanical 
Course; attended the summer courses at Harvard, Cornell, 
Massachusetts of Technology and the University of Wisconsin, 
in Physics, Geology and Electricity. From the University of 
Wisconsin in 1902 he received his Ph. D. degree in Electrical 
Engineering, Physics, and Geology. After his graduation from 
R. I. College in 1895 he had charge of the Departments of 
Physies and Electrical Engineering and from 1897, of the college 
lighting plant. His work in the development of the Department 
of Electrical Engineering at the University of Rhode Island was 
representative and most efficient; he also spent some time at the 
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University of Ohio. He developed a number of principles bear- 
ing upon the operation of single-phase a-c. motors after he was 
professor in charge at the University of Texas, and in each in- 
stance he did excellent work. Professor Scott was a member of 
the Institute’s Dallas Section. 


A. I. E. E. National and District Prizes 


The following National and District Prizes may be awarded 
each year: 
National Prizes 
1—F rst Prizes 
Engineering Practise 
Theory and Research 
Public Relations and Education 
2—PRrizeE FOR INITIAL PAPER 
3—PRrIzZE FOR BRANCH PAPER 
1—The Narronat First Prize in each of the three classes; 
namely, Engineering Practise, Theory and Research and Public 
Relations and Education, consisting of $100.00 and a certificate, 
may be awarded to the author or authors of the best original pa- 
per presented at any National, District, or Section Meeting of the 
Institute. 
2—The Narionau Prize ror IniTIAL Parmer, consisting of a 
certificate and $100.00 in cash, may be awarded to the author or 
authors of the most worthy paper presented at any National, 
District, or Section meeting of the Institute provided the author 
or authors have never previously presented a paper which has 
been accepted by the Meetings and Papers Committee. 
3—The Nationau Prize FoR BRANcH PAPER consisting of a 
certificate and $100.00 in cash, may be awarded to the author or 
authors of the best paper based upon undergraduate work pre- 
sented at a Branch or other Student meeting of the Institute, 
provided the author or authors are members of a Student Branch. 


District Prizes 


The following District Prizes may be awarded each year in each 
Geographical District of the Institute. 
1—F irst Prizp 
2—PRrizE FOR INITIAL PAPER 
3—PRriIzE FOR BRANCH PAPER 


Each District Prize shall consist of a certificate of award issued 


- by the officers of the Geographical District, and $25.00 in cash. 


It may be awarded only to an author or authors who are located 
within the District, and for a paper presented at a meeting held 
within or under the auspices of the District. 

1—The District First Prize may be awarded for the best 
paper presented at a National, District or Section meeting. 

2—The Disrricr Prize ror InrT1aAL Paper may be awarded 
for the best paper presented at a National, District or Section 
meeting, the author or authors of which have never before pre- 
sented a paper before a National, District or Section Meeting of 
the Institute. 

3—The District Prizk ror Brancu Paper may be awarded 
for the best paper based on undergraduate work presented at a 
Branch or other Student Meeting of the Institute, the author or 
authors of which are members of a Student Branch. 

The conditions of award of the various National and District 
Institute Prizes have been printed in pamphlet form, and during 
the month of October, a copy of this pamphlet was mailed to all 
District and Section officers and to the Counselors of all Stu- 
dent Branches. 

Attention is directed to the fact that the conditions require 
that all papers presented during the calendar year 1929 and to be 
offered in competition for the National Prizes, must be received in 
triplicate at National Headquarters in New York on or before 
February 15, 1930. These papers may be submitted by the au- 
thor or authors, by an officer of the Institute, or by the executive 
committees of Sections or Geographical Districts. 

Papers to be considered in competition: for District Prizes 
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should be submitted in duplicate by the authors or by the officers 
of the Branch, Section, or District concerned, to the District 
Committee on Awards, on or before J. anuary 10, 1930. 


a 
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POWER GROUP OF NEW YORK SECTION MEETS DECEMBER 9 

The second meeting of the Power Group of the New York See- 
tion for this year will be held Monday evening, December 9, 
1929 to 7:30 p. m. on the fifth floor of the Engineering Societies 
Building, 33 West 39th St., New York, N. Y. 

The subject “‘System Connections” will include generally the 
various methods used for connecting systems with particular 
reference to the operation of the ‘‘synchronized-at-the-load”’ 
system in New York City. There will be three speakers; A. E. 
Powers, Westinghouse Elec. & Mfg. Co. will describe the general 
conception of stability both static and transient; I. H. Somers 
of the General Electric will present a paper dealing with the 
ring bus, the synchronizing bus, double windings, and the newer 
scheme, “synchronized-at-the-load.’”’ The third speaker, T. 
Maxwell, of the United Elec. Lt. & Pr. Co. will give a résumé of 
operating experience with the ‘‘synchronized-at-the-load”’ 
connections. There will be ample time for open discussion. 
To permit commuters to get an early train home, the meeting 
will adjourn at 9:30 oclock. 


NEW YORK SECTION TO GET STATISTICS ON 
LIGHT” 

For a number of weeks an informal committee organized at 
the instance of the New York Section of the A. I. E. E. has been 
at work assembling statistics of artificial lighting in the United 
States with the idea of preparing an estimate of the country’s 
“saturation” in artificial light similar to the well-known esti- 
mates of saturation for household electric appliances, ete. Not 
only have the statistics of the industry and of the country been 
collected and studied but a painstaking effort is being made to 
establish, on purely physiologic grounds, the lighting levels which 
constitute the minimum for satisfactory eye work and the opti- 
mum for average eyes under ordinary working conditions. A 
summary of this data, expected to be of great interest in outlining 
expansions and other future plans for the lighting industry, will 
be presented at the meeting of the New York Section of 
the A. I. E. E. to be held at the Westinghouse Lighting Institute, 
Grand Central Palace, 480 Lexington Avenue, New York City, 
at 8:00 p. m. on Wednesday evening, December 18, 1929. 

The speakers who will present this subject are: Arthur E. 
Allen, Vice-President of the Westinghouse Lamp Company and 
EK. E. Free, Consulting Engineer. Two other speakers of promi- 
nence may be added. 

After the meeting, guides will be provided and opportunity 
will be given for members to inspect the exhibits of the Westing- 
house Lighting Institute. 

As the auditorium at the Lighting Institute seats but 450, ad- 
mission to the meeting will be placed on a ticket basis, each mem- 
ber being entitled to one ticket only. Full details will be given 
in the notice to be mailed to the Section membership during the 
first week of December. 


“HOW MUCH 


FUTURE SECTION MEETINGS 
Akron 
December 13, 1929. Railway Electrification, by J. V. B. Duer, 
Electrical Engineer, Pennsylvania Railroad Company. 
January 10, 1930. The Problem of Public Transportation vn 
Akron, by L. G. Tighe, Assistant General Manager, Northern 
Ohio Power and Light Company. 
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Any author or other member who is interested may obtain full 
information from the local Section or Branch officers, or by ad- 
dressing Institute Headquarters, at New York. 


Ce 


A. I. E. E. Section Activities 
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Boston 
December 10, 1929. The Technique of Color and Talking Mo- 
tton Pictures, by H. L. Danson of the R. C. A. Photophone Corp. 
and Dr. L. T. Troland of the Technicolor Motion Picture Corp. 
Buffet supper at 6:30 in North Hall, M. I. T. 


~ Cleveland 
December 12, 1929. Anti-Aireraft Artillery, by Major G. M. 
Barnes, Ordnance Department, United States Army. 
January 16, 1930. Electricity and the Universe, by David 
Dietz, Scientist and Author. 


Detroit-Ani Arbor 

December 10, 1929. Power House Design, by Alex Dow, 
President The Detroit Edison Company. Inspection trip through 
the New Delray Power House in the afternoon. Joint meeting 
with the Detroit Engineering Society at the Detroit Edison 
Auditorium. 

January 21, 1930. Ladies’ Night. Motoring through Europe, 
by Professor A. H. Lovell, Electrical Engineering Dept., Uni- 
versity of Michigan, Ann Arbor, Michigan. 

Lynn 

December 4, 1929. Technical Lecture by H. D. Brown (Mer- 
cury Arc Rectifiers). 

December 18, 1929. Popular Lecture. 

January 29, 1930. The Mysteries of Science, by Harry C. 
White. 

Pittsburgh 

December 10, 1929. Latest Developments in Supervisory Con- 
trol, by R. J. Wensley, Westinghouse Elec. & Mfg. Co., Mans- 
field, Ohio. 

January 10, 1930. Dinner meeting. Professor Harold B. 
Smith, President, A. I. E. E., ‘‘The Quest of the Unknown’’. 
English Room, Fort Pitt Hotel. 


NEW YORK SECTION POWER, TRANSPORTATION AND 
COMMUNICATION GROUPS MEET 

On the evening of Wednesday, October 30, 1929, the Power 
Group opened the meeting year of the New York Section with a 
session held in the Engineering Societies Building, 33 West 39th 
Street, New York. George Sutherland, Chairman of the group 
and Assistant General Superintendent of the New York and 
Power Company, presided. About 250 members and guests 
attended. 

The general subject of the meeting was: ‘‘Generation and the 
Development of Generators.’”’ Two speakers covered the topic 
as follows: H. C. Forbes, of the New York Edison Company, de- 
livered a paper dealing with the high lights of generator develop- 
ment in the last few years, including the double-winding gen- 
erator, hydrogen cooling, and the probable future trend in gen- 
eration and generators as viewed from the standpoint of the 
operating engineer. The other speaker was C. M. Gilt of the 
Brooklyn Edison Company. He described the economic aspects 
of the situation, particularly the advantages of large units and 
the probable trend in generation and construction,—a discussion 
participated in by a number of members followed. 

On Monday night, November 4, 1929, the Transportation 
Group held its first meeting. There was an attendance of about 
100. The meeting was opened by C. R. Jones of the Westing- 
house Electric & Mfg. Company, who called for the report of the 


Nominating Committee. This was read, and a group of officers 
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elected which included C. R. Jones, Chairman, and Alfred G. 
Oehler, Editor of the Railway Electrical Engineer as Vice-Chair- 
man. The first speaker, Guy C. Hecker, General Secretary of 
the American Electric Railway Association, gave a general out- 
line of the developments in the electric railway field and the 
conditions existing in those fields. The second speaker was 
A. O. Austin, Control Engineer, Westinghouse Electric & Mfg. 
Company, who described the technical features of modern control 
apparatus and the attempt being made to develop street cars 
with greatly increased acceleration possibilities and more power- 
ful motor equipments to meet modern traffic conditions. A 


discussion participated in by a number of members followed. ° 


The meeting closed with the showing of a very interesting two- 
reel talking motion picture on traffic conditions in general and in 
various cities. This picture was obtained through the courtesy 
of the R. C. A. Photophone and the American Electric Railway 
Association. 

The Communication Group held its first meeting of the year on 
Wednesday night, November 13, 1929 in the Engineering Societies 
Building. R. H. Hughes, Chairman of the Group, Assistant 
Vice-President of the New York Telephone Company presided. 
The general subject of the meeting was, ‘‘Materials of Communi- 
eation.’’ Four speakers covered the subject, as follows: W. W. 
Brown of the General Electric Co., gave a talk on ‘‘Micalex.” 
The second talk on ‘‘Copper Oxide” by I. R. Smith of the West- 
inghouse Elec. & Mfg. Co. dealt with the use and performance of 
that type of rectifier. ‘‘Developments in Communication 
Materials’? was the subject of a talk dealing with insulating 
materials and metals, including duralumin, permalloy, brasses 
and bronzes given by W. Fondiller of the Bell Telephone Labora- 
tories. Ina talk entitled ‘‘Manufacturing Problems in Com- 
munication Materials’ the last speaker of the evening, D. 
Levinger of the Western Electric Co., described the problems 
which have been developed through introducing some of the 
newer materials into the manufacture of communication appar- 
atus. Lantern slides and movies illustrated the talks. Open dis- 
cussion followed. Over 250 were in attendance. 


NEW YORK SECTION MEETING ON “WONDERS OF SOUND 
TRANSMISSION’? PROVES VERY POPULAR 

On Friday, November 8, 1929, the New York Section of the 
Institute held its first general meeting of the year. Before an 
audience of about 1400, Sergius P. Grace, Assistant Vice-Presi- 
dent of the Bell Telephone Laboratories, Inc., delivered a lecture- 
demonstration on the ‘‘Wonders of Sound Transmission.” 
This meeting was one of the most popular ever held in the Engi- 
neering Auditorium as in addition to those who heard Mr. Grace, 
at least 500 were turned away. Chairman H. P. Charlesworth 
opened the meeting promptly at 8:00 p. m. and after a few brief 
announcements, turned it over to Vice-President H. A. Kidder of 
the New York District, who introduced the speaker. Then in 
an exceedingly entertaining manner Mr. Grace, as proof of the 
great practical value of scientific research, outlined some of the 
developments made in the Bell Telephone Laboratories. Among 
the modern marvels explained and demonstrated were the 
electric ear, scrambled speech, delayed speech, amplified muscle 
noises, the artificial larynx, and translation of mechanical im- 
pulses into speech. At the close of the meeting which was ad- 
journed at 9:50 p. m., a very large number of the audience 
crowded to the stage to examine the exhibits and demonstration 
apparatus, and to question Mr. Grace. 


FIRST POWER GROUP MEETING—CHICAGO SECTION 


On Thursday October 17, the first Power Group meeting of the 
Chicago Section of the A. I. E. EK. was held in the club rooms of 
the Western Society of Engineers. 

Mr. R. C. Bergvall, General Engineer, Westinghouse Hlectric 
& Mfg. Company presented a paper on Present Tendencies in 
Power Transmission, special attention being given to the matter 
of system stability. 
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The meeting was attended by over 100 engineers who partici- 
pated actively in the discussion. This is the first of a series of 
group meetings especially arranged to appeal to younger engi- 
neers;and the Chicago Section plans to start other similar groups 
on other subjects, such as communication and transportation, as 
soon as they can be organized and gotten under way. 


PAST SECTION MEETINGS 


Akron 


Inspection trip to Ohio Box Board Company, preceded by din- 
ner at United Brethren Church. Mr. Breakwood of that 
company gave a talk on the manufacture of their product. 
General discussion followed. October 17. Attendance 80. 


Heavy Duty Mercury Arc Rectifiers by W. O. Marti, Chief Engi- 
neer of the American Brown Boveri Elee. Corp. Film “‘Are 
Welding Steel Pipe’’ from the Lincoln Electric Co., Cleve- 
land was shown. Supper at the Elks’ Club preceded the 
meeting. November 8. Attendance 45. 


Baltimore 


A. C. Distribution Network Systems, by C. J. Brosnan, Engineer, 
Westinghouse Elec. & Mfg. Co. Chairman presented report 
on Conference of Officers and Delegates at Swampscott, 
June 1929, and Executive Committee meeting District No. 2 
ee in Pittsburgh, October 7. October 18. Attendance 


Inspection trip through the works of the Baltimore Copper 
Smelting and Rolling Company. . M. KE. members 
joined the A. I. E. E. members for this inspection. Octo- 
ber 19. Attendance 75. 


Boston 


Inspection trip of the port facilities of the Boston Harbor on the 
City Steamship Michael J. Perkins. The trip was accom- 
panied by Messrs. Davis and MeSorley of the Boston 
Chamber of Commerce who gave information about the 
Harbor which was followed by a general discussion of 
possible improvements. October 5. Attendance 185. 


Cleveland 


Joint meeting with the Illuminating Engineering Society in honor 
of Hdison’s Golden Jubilee, preceded by dinner furnished by 
the National Lamp Works. Addresses by John C. Lincoln, 
Chairman of Board of Directors, Lincoln Electric Co. on 
Edison and His Inventions, and R. W. Shenton, Managing 
Editor ‘‘Light Magazine,” Tribute to Edison. Meeting 
concluded with a cineograph of Edison’s life. Previous to 
the dinner Chairman T. D. Owens reported to his Advisory 
Committee on the October 7 District meeting. October 10. 
Attendance 160. 


Connecticut 


Harry A. Haugh, Jr., Vice-President, Automatic Signal Corpora- 
tion, gave an informal talk on traffic conditions, illustrated 
with demonstrations of several pieces of apparatus typifying 
street intersections, ete. Dinner preceded meeting at 
University Club. November 7. Attendance 45. 


Denver 


Dinner guests of the Mcuntain States Telephone & Telegraph 
Co., followed by an inspection of the new building of that 
company. October 18. Attendance 100. 


Detroit-Ann Arbor 


H. H. Green, National Lamp Works of G. E. Co., spoke on 
Light’s Golden Jubilee. Joint meeting with the Ilumi- 
nating Engineering Society. October 8. Attendance 200. 


Erie 
Talk by M. V. Wright of the Mutual Telephone Co. on telephone 
systems. Mr. Ramuling of the Erie Lighting Co. related 
his company’s practise on power generators and transmis- 
sion. Mr. Moore, Erie County Electric Co. gave a talk 
and demonstration on electric illumination. October 15. 
Attendance 50. 


Fort Wayne 


High Voltage Research in Cooperation with Industry, by Prof. 
Francis Harding, Purdue University. Discussion fol- 
lowed. Change in By-laws proposed and carried. October 
30. Attendance 80. 
Houston 


Inspection trip to the Freeport Sulphur Company at Hoskin, 
Texas in the afternoon, then to the Bryan Mound Mine, 
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followed by a dinner at the Tarpoon Inn, Freeport, as guests 
of the Freeport Sulphur Co. A talk on the production of 
sulphur was given by E. L. Nims, Asst. General Manager 
of that company. October 26. Attendance 27. 


Iowa 


Committee appointments announced. James H. Foote, Stevens 
and Wood, Jackson, pe lee presented his paper, Prob- 
lems of Interconnection. his paper covered experiences 
with power systems in Michigan. October 28. 
dance 58. 


Atten- 


Kansas City 


Man’s Progress in Terms of Light, by Professor O. D. Hunt, 
Kansas State Agricultural College, in honor of celebration 
of Light’s Golden Jubilee. A short talk was given by 
J. F. Porter, President of the Kansas City Pr. & Lt. Co., an 
Edison Pioneer. Replicas of all types of lighting from the 
early olive-oil lamp to the present day Mazda presented. 
October 14. Attendance 92. 


Lynn 


First meeting of the Season held in recognition of Light’s 50th 
Anniversary. Charles C. Pierce of the General Electric 
Co. who was in intimate contact with Mr. Edison for some 
years spoke on his accomplishments. Professor Thomson, 
Edison Pioneer, outlined the parallel but separated courses 
of development followed by the incandescent lamp and the 
are lamp. Refreshments served. October 21. Atten- 
dance 141. 


Today’s Research—Tomorrow’s Engineering, by L. A. Hawkins, 
Executive Engineer, General Electric Co. Research Labora- 
tory. November 6. Attendance 120. 


Mexico 


Scott Lynn, Vice-President and General Manager of the Sangamo 
Electric Co. of Canada gave a lecture on Hlectrical Metering 
Apparatus. Elections and committee appointments an- 
nounced. October 8. Attendance 27. 


Annual Banquet at Hotel Mancera. October19. Attendance 31. 


Milwaukee 


Meeting held in celebration of Light’s 50th Anniversary. <A. N. 
Brown, District Engineer, Westinghouse Elec. & Mfg. Co.., 
talked on Edison and His Achievements, using slides to 
illustrate the steps in the development of the electric lamp 
and the illuminating effects possible with the modern elec- 
tric lamp. History of Edison’s life and his achievements 
reviewed by Mr. Brown. A. C. Langstadt read paper on 
the first central power station in operation at Appleton, 
Wis. A. R. Schmidt of Milwaukee enumerated experiences 
with the original Edison Company. Dinner preceded meet- 
ing. October 16. Attendance 150. 


Minnesota 


Wood Poles and Wood Preservation, by J. P. Wentling, Director 
Research Division, Western Red Cedar Association. Octo- 
ber 28. Attendance 32. 


New York 


Power Group. Talks by H. C. Forbes of the New York Edison 
Co. and C. M. Gilt of the Brooklyn Edison Co. General 
meeting subject was Generation and the Development of 
Generators. October 30. Attendance 250. 

Transportation Group. Guy C. Hecker, General Secretary of the 
American Wlectric Railway Association, gave a general 
outline of the developments in the electric railway field. 
A. O. Austin, Control Engineer, Westinghouse Elec. & 
Mfg. Co., described the technical features of modern control 
apparatus and attempts being made to develop street cars 
with greatly increased acceleration possibilities and more 
powerful motor equipment to meet modern traffic conditions. 
Two reel film on traffic conditions in various cities shown 
through the courtesy of the R. C. A. Photophone and 
A. E.R. A. November 4. Attendance 100. 


North Carolina 

Adoption of By-Laws. Waterville Development of Carolina Power 
& Light Company, by J. H. Paget, Supt. of Power, Carolina 
Power & Light Co., Raleigh, N. C. 

New Era in Ship Propelling Machinery, by F. V. Smith, 
Federal and Marine Dept., General Elec. Co., Schenectady, 
illustrated with slides. 

Hydroelectric Development in Canada, by W. S. Lee, Vice- 
President and Chief Engineer; Duke Power Co., Charlotte, 
Ne Ge 
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Lightning Disturbances, by F. W. Peek, Jr., Consulting Engi- 
neer, General Electric Co., Pittsfield, Mass., illustrated by 
slides and motion pictures. 


Vice-President W. S. Rodman announced future activities 
and spoke on the relation of the Section to the Institute. 
Informal dinner. October 23. Attendance 95. 


Inspection trip to the Riverbend Steam Station and Mountain 
Island Hydroelectric Station of the Duke Power Company. 
October 24. 

Philadelphia 


Joint meeting with the Illuminating Engineering Society. 
Professor Charles F. Scott, Yale University, presented a 
paper on Fifty Years of Light and Power. October 21. 
Attendance 200. 

Pittsburgh 


Joint meeting with the Engineers’ Society of Western Pennsyl- 
vania and the Institute of Radio Engineers. Making Sound 
Visible and Light Audible, by Dr. John B. Taylor, Consulting 
Engineer, General Electrie Co. Informal discussion fol- 
lowed. October 15. Attendance 440. 


Portland 


M. BE. Noyes, Sales Engineer, Aluminum Co. of America, pre- 
sented New Developments in Mechanical Features of Trans- 
mission Lines, illustrated with moving pictures. Aluminum 
cables were exhibited. The New 110-Kv. Lewis River Trans- 
mission Line, by EH. F. Pearson, Electrical Engineer, North- 
western Electric Co. General discussion and buffet lunch 
followed. October 21. Attendanee 108. 


St. Louis 


C. Carter Lewis, Lighting Engineer of the Union Electric Light 
& Power Co., gave an interesting talk, tracing the develop- 
ment of lighting as applied to the home from the earliest 
prehistoric times up to the present. Models to show the 
various developments in home lighting were presented. 
Prizes awarded lady guests. October 16. Attendance 75. 


Schenectady 


Reading of minutes of Annual meeting. Announcement of 
election of officers. The evening was devoted to a smoker 
celebrating the occasion of Light’s Golden Jubilee. Two- 
reel film ‘“‘The Benefactor’? was shown. Smokes, refresh- 
ments, and musical numbers provided. October 12. 
Attendance 225. 

The Fishing Banks and Fishing, by Bassett Jones, Consulting 
Engineer. Mr. Jones discussed the details of fishing and 
the geology of the fishing banks off Nova Scotia. Dinner 
preceded meeting. November 1. Attendance 200. 


Seattle 


Chairman L. N. Robinson read minutes of four previous meetings. 
Ray Rader gave report on the Summer Convention at 
Swampscott. A short talk was given by Professor R. G. 
Tyler, Dean of the Engineering College at the University 
of Washington. Lieut. L. Dreller, U. S. N., spoke on 
The Propulsion and Other Electrical Equipment of the New 
Airplane Carrier, U. S. S. Lexington. Coffee and sand- 
wiches served. October 15. Attendance 75. 


Springfield 


Report of meeting of Executive Committee, District No. 1, held 
Oetober 9 read. Future Section meetings announced. 
H. Schroeder, General Engineer of the Edison Lamp Works, 
Harrison, N. J., spoke on Edison’s development of the 
incandescent lamp. Refreshments served. October 14. 
Attendance 50. 
Syracuse 


Executive Committee meeting. Resignation of former Chair- 
man McCann accepted. F. E. Verdin chosen as Chairman 
for the remainder of the term. Charles W. Henderson 
elected Secretary. Section plans discussed. September 30. 

Sound Pictures—Their Recording and Reproduction, by Philip C. 
Jones of the Technical Staff of Bell Telephone Laboratories. 
Sound pictures projection, films, and slides used to illustrate 
the lecture. October 28. Attendance 349. 

The Quest of the Unknown, by Professor Harold B. Smith, Presi- 
dent of the Institute. Dinner tendered to Professor Smith 
by the Section. November 1. Attendance 117. 


Toledo 
D. J. Finn of the General Electric Co. spoke on Light’s Golden 
Jubilee. Ed. Thomas related experiences on experimental 


work while working for Mr. Edison in 1888. Five minute 
radio talks given daily by Messrs. Featherstone, Dubs, 
Rabbe, and Neuber. 
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Toronto 


Paper presented by A. R. Wells on the Use of Graphic Meters in 
Industry. Mr. Wells deseribed the use to which graphic 
meters might be put, their construction, and troubles likely 
to arise, and gave data relative to their correct connections 
into power circuits. Discussion followed. October 11. 
Attendance 80. 

D. M. Jones of the General Electric Co. spoke on automatic 
frequency control and the difficulties experienced in securing 
satisfactory frequency regulation on systems of any magni- 
tude. Discussion followed. October 25. Attendance 56. 


Urbana 
Electrical Engineering Applications of X-Rays, by Dr. H. L. 
Clark, Professor of Chemistry at the University of Illinois. 
October 9. Attendance 100. 
R. E. Doherty, Consulting Engineer, General Electric Co., 
Schenectady, N. Y. spoke on Constant Linkage Theorem. 
October 25. Attendance 130. 


Utah 


C. B. Shipp presented a report of the Summer Convention at 
Swampscott. Hlectric Motors and Their Proper Application, 
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21,1929. Preparations were made by the juniors and seniors and 
the exhibits included a wide variety of interesting and instructive 
equipment and demonstrations. About twenty-five exhibits 
were provided including artificial lightning and _ television 
equipment. 

An address was given by Professor C. F. Bowman of the 
Electrical Engineering Department. on the correct use of light. 
This address was illustrated fully with demonstrations of various 
types of correct and incorrect lighting. 

At 11:00 a.m. on Tuesday, October 22, an address on the 
‘*Romance of Light’? was given by H. Plumb, Consulting Engi- 
neer of the General Electric Company, and in the evening of that 
date he gave a second address entitled ‘‘Painting with Light.” 


PAST BRANCH MEETINGS 
Alabama Polytechnic Institute 


Minutes of previous meeting read and approved. Talk by Paul 
Brake, Student, on ‘“‘Summer-Work at Broadeasting Station 
WAPI.” October 17. Attendance 18. 

Failure of Bearings at Bartletts Ferry Station, by R. F. Ham, 
Student; The Electric Power Industry in Japan, by J. A. 
Willman, Student; and Steroscopic Motion Pictures, by W. R. 
Colman, Student. October 24. Attendance 26. 


Armour Institute of Technology 


The Electrification of Steam Railroads in Europe, by H. H. Field, 

ublic Service Co. of No. Illinois, illustrated with slides. 

Joint meeting with local chapter of Western Society of 

Engineers. Committee appointments announced. Novem- 
ber 1. Attendance 90. 


Brooklyn Polytechnic Institute 


X-Rays, by R. Muniz, illustrated with slides. Three-reel film, 
“The Single Ridge’ describing the manufacture of insu- 
lated wire by the Okonite Co. October 23. Attendance 90. 


California Institute of Technology 


Professor R. W. Sorensen, Counselor, spoke on the activities of 
the A. I.E. E. E. C. Lee described the Pacifie Coast Con- 
vention at Santa Monica in September. October 15. 
Attendance 34. 


University of California 


Branch activities discussed. Two-reel film describing student 
testing at the Schenectady plant of the General Electric 
Co. Refreshments served. October 23. Attendance 98. 


by L. Bradenburger, illustrated with lantern slides. Five 

reel film entitled “From Mine to Consumer—the Story of 

Anaconda”’ presented. October 14. Attendance 26. 
Vancouver 

The Quest of the Unknown, by Professor Harold B. Smith, Presi- 
dent of the A. I. E. E. with lantern slides. Dinner at which 
President Smith spoke on Institute activities preceded the 
meeting. August 20. Attendance 45. 

Inspection age to Buntzen Hydroelectric Development, Plants 
1 and 2, B. C. Electric Railway Co., Ltd. Luncheon at 
Wigwam Inn preceded the inspection. September 14. 
Attendance 19. 

System Stability, by I. H. Summers, General Electric Co., 
Schenectady, N. Y. September 30. Attendance 30. 


Washington 


Former Section Chairman, Professor L. D. Bliss gave a report of 
the Swampscott convention. Film “The Story of Copper, 
From. Mine to Consumer.’ Dinner preceded meeting. 
October 8. Attendance 153. 


Worcester 


Personal reminiscences of Edison by Dr. A. E. Kennelly, Harvard 
University. October 21. Attendance 30. 


MMM un 


ELECTRICAL SHOW HELD AT MONTANA STATE 
COLLEGE BRANCH 


The Montana State College Branch celebrated Light’s Golden 
Jubilee by having an Electrical Show on the evening of October 


Carnegie Institute of Technology 


Film—The Fabrication of Copper, loaned by the U.S. Bureau of 
Mines. The Trend in Public Utility Rate Making, by L. B. 
MecConaghy, Student. Refreshments were served. No- 
vember 6. Attendance 86 


Case School of Applied Science 


Committee appointments announced. Talks by Professors 
lal Dates, (Counselor) P. L. Hoover, R. C. Putnam, and 
G. A. Mills on past summer experiences. Dinner preceding 


meeting. October 15. Attendance 34. 


Clarkson College of Technology 


Inspection of Allen’s Falls and Parishville Hydroelectric Stations. 
Professor A. R. Powers, Counselor, and several Students 
gave short talks. Dinner. Qetober 31. Attendance 33. 


Inspection of Hydroelectric Stations at Sugar Island, Hanawa 
Falls, and Brown’s Bridge. October 15. Attendance 51. 


Film depicting Edison’s life. October 21. Attendance 69. 


Clemson Agricultural College 


Buying Supplies for a Large Electrical Concern, by C. E. Jarrard, 
Student; Radio Interference from Line Insulators, by E. E. 
Hembree, Student; Current Events, by C.G. Smoak, Student; 
and Values, by W. N. Coleman, Student. October 17. 
Attendance 18. 


Life of Elihu Thomson, by J. M. Prim, Student; The Engineer, 
Practical Idealist, by E. H. Mazyck, Student; New Ways for 
Oil in Industry, by J. J. McFadden, Student: Qualities of an 
Engineer, by W. D. Craig, Student; Current Events, by J. L. 


Chapman, Student. Luncheon. November 7. Atten- 
dance 26. 
? Colorado Agricultural College 
Business Meeting. L. Haubrich elected Secretary. Professor 


H. G. Jordan, Counselor, gave a talk on the A. I. E. E. 
“September 23. Attendance 17. 

Robert F. Bonney, Educational Director of the M. S. T. & T. 
Co., gave an illustrated lecture on Life of Edison and 
Light’s Golden Jubilee. October 14. Attendance 101. 

Prof. L. 8. MeDonald, Head of the Mathematics Dept. gave a 
lecture on Astronomy. October 29. Attendance 17. 


University of Colorado 


Talks by Dean H. S. Evans and Professor W. C. DuVall, Coun- 
selor. Film-slide lecture entitled Light's Golden Jubilee. 
Manuscript read by Geo. B. Steuart, Student. October 16. 
Attendance 85. 


Engineering Thinking, by N. R. Love, Chief Engineer, Denver 
Tramway Co. and Secretary Denver Section. Discussion 
followed. Refreshments served. November 6. Atten- 
dance 65. 
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Cooper Union 


Election of Officers. October 16. Attendance 9. 


Cornell University | 


Get-together meeting. Professor R. F. Chamberlain outlined 
activities of the A.J. E.E. Talks by several professors 
aud ee Refreshments served. October 11. Atten- 

ance 55. 


University of Denver 


Inspection of the new building of the Mountain States Tel. & 
Tel. Co. October 30. Attendance 15. 


Drexel Institute 


The Unforeseen in Engineering, by Professor E. O. Lange, Coun- 
selor. Talk by Dean Disque. Film—Hydroelectric Power 
Production in the New South. Sandwiches and coffee served. 
November 4. Attendance 25. 


University of Florida 


New members solicited. Talks by faculty and student members 
on attendance at A. I. E. KE. meetings. October 14. At- 
tendance 25. 

Television, by L. R. Bassett, Student. R. T. Meeker, Student, 
gave a talk on summer experiences with the Florida Pr. & 
Lt. Co. Musical numbers. November 4. Attendance 43. 


Iowa State College 


Students of the Iowa State College Branch joined members of 
the Iowa Section at their meeting in Des Moines. October 
28. Attendance 25. 

Smoker. Talks by Harold Stahl, Branch President, B.S. Willis, 
and Prof. F. A. Fish, Counselor, on the activities of the 
A. I. EK. E. Refreshments served. November 6. Atten- 
dance 122. 


Kansas State College 
(EVENING SECTION) 

Current events discussed by Mr. Butler. Talks on summer 
experiences with the Bell Telephone Co. and Westinghouse 
Elec. & Mfg. Co. by K. W. Ernst and B. EB. Atwood, re- 
spectively. October 3. 

C. J. MeMullin discussed current events. Technical talk on low 
voltage networks by L. R. Kirkwood. October 17. 

Technical and current events reviewed by Arlo Steel and J. W. 
Wilhite. Talk on sound pictures by I. R. Stenzel. Pilm— 

“Building New York’s Newest Subway.’’ October 24. 


Kansas State College 
(AFTERNOON SECTION) 

Current events, by R. Sage. Technical talk on Cuprox rectifiers 
by Art Owen. G. L. Quigley gave talk on Reproduction of 
Sound in Movies. Film—‘‘Building New York’s Newest 

Subway.’ October 31. Attendance 70. 

Current events, by H. L. Winston. Talk by R. B. Heckert on 
methods of blasting. L. C. Paslay discussed Vacuum Tube 
Research. Film—‘‘Driving the Cascade Tunnel.’ Novem- 
ber 7. Attendance 54. 


University of Kansas 


Talks on summer experiences by Messrs. Leonard, Miller, and 
Reinhold, Students. Musical numbers furnished. Octo- 
ber 17. Attendance 65. 

New By-laws adopted. The White Way System of St. Louis, by 
Maurice A. Reagan, Student. Films—‘‘Making of Steel,” 
and ‘“‘Wizardry of Wireless.’’ October 30. Attendance 70. 


Lafayette College 


Flames from Electric Arcs, by Alfred Gano. 
tendance 11. 


October 19. At- 


Lehigh University 


Smoker. Professors Barker and Beaver gave informal talks. 
Two-reel film—‘‘Hydroelectrie Power Production in the 


New South.’’ Refreshments served. October 24. At- 
tendance 85. 
‘University of Maine 
Slides commemorating Light’s Golden Jubilee presented. Pro- 


fessor Barrows talked on the history of the ineandescent 
lamp. Refreshments served. October 23. Attendance 25. 
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Marquette University 


Relation of the Engineer to Industry, by S. H. Mortensen, Allis- 
Chalmers Mfg. Co. Professor Douglass reported on the 
number of Student papers received, some of which will be 
presented at the Chicago District Meeting. October 3. 
Attendance 55. 


Massachusetts Institute of Technology 


N. J. Darling, Works Manager of the G. E. Co., Lynn, discussed 
the opportunities and problems of engineering graduates in 
industry. Moving pictures showing some of the manufac- 
turing processes of the General Electric Co. were shown. 
Dinner preceded meeting. October 31. Attendance 309. 


Michigan State College 


Two films—‘‘The Potters Wheel’ and ‘‘The Conductor.” Six 
Students gave talks on summer experiences. Committee 
appointments announced. Refreshments served. October 
8. Attendance 41. 


University of Michigan 


Election of officers. Prof. B. F. Bailey, Counselor, spoke on the 
aims and activities of the Institute. October 23. At- 
tendance 35. 

H. J. Iler, Bell Telephone Co., diseussed the new exchange which 
has been installed on the campus. Talk by Prof. A. D. 
Moore on contact between seniors and leading electrical 
companies. November 6. Attendance 40. 


Mississippi A. & M. College 


W. F. Barksdale, Branch Chairman, related experiences pertain- 
ing to his employment with the Chicago Central Station 
Institute. Committee appointments announced. October 
17. Attendance 22. 


Missouri School of Mines and Metallurgy 


Election of officers. Prof. I. H. Lovett, Counselor, spoke on the 
privileges and advantages of membership in the A. I. EK. E. 
Discussion of plans for future meetings. November 6. 
Attendance 16. 


University of Missouri 


A. TI. E. E. and its Relation to the Student, 
by Professor M. R. Weinbach, Counselor. Aims of the 
Student Branch, by Professor A. C. Lanier. Talks by 
J. M. Manley and L. E. Howard on experiences with the 
G. E. Co., Schenectady. October 3. Attendance 19. 

Power Transmission Line Construction and Location on the West 
Coast, by Prof. Harry Rubey. Prof. M. P. Weinbach, 
Counselor, discussed plans for the Student Convention of the 
7th District. November 6. Attendance 28. 


Montana State College 


The Welding of Metals with The Atomic Hydrogen Flame, by R. A. 
Weinman, given by Lowell Kurtz, Student; 

Lightning Arrester Grounds Testing, by Edward Beck, Westing- 
house Elec. & Mfg. Co., given by Homer Morton, Student. 
October 17. Attendance 156. 

Transformer Neutral Reactors Reduce Breaker Duty, from Electrical 
World, Sept. 28, 1929, presented by Robert Jones, Student. 
October 24. Attendance 156. 

750-Kw. High-Voltage Rectifier, by I. J. Kaar of the G. E. Co., 
given by Earle Rudberg, Student; 

Neon Light Properties, by Leo Beck, Chief Engineer, Claude 
Neon National Laboratory, given by Carl Plumlee; and 
Suggestion for a Simple Method for Keeping the Transmitter Disks 
in Step, by Thomas W. Benson, given by W. Hadley Queen. 

October 31. Attendance 159. 

Economy of Buried Cables, by F. E. Smith, Chief Engineer, 
Nebraska Power Co., given by Ronald Crumley, Student; 

Stubbing Poles Reduces Line Cost, by C. J. Marple, given by Roy 
Bjork, Student; and 

D-C. Railway Substations for the Chicago Terminal Electrification 
—TIllinois Central Road, by A. Me Garrett, given by James 
Giudici, Student. 


Election of officers. 


University of Nebraska 
Engineering in Business, by C. D. Robinson, Chief Engineer, 
Metropolitan Utilities District, Omaha. Joint meeting with 
A. S. M. E. members. October 23. Attendance 50. 
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Crystal Control, by Louis F. Lench. Harry E. Cook, North- 
western Bell Tel. Co., gave talk discussing the prospects for 
student engineers. Talks by W. E. Huddleston and James 
Kleinkauf, Students, relating experiences during summer 
employment. November6. Attendance 37. 


Newark College of Engineering 


J. A. Hodges, Sales Manager, National Lamp Works of General 
Electric Co., related Edison’s life. Inspection of the 
airport arrow on the laboratory building. October 21. 
Attendance 25. 


University of New Hampshire 


Informal talks by Students relating experiences during summer 
employment. September 28. Attendance 45. 


R. Ballard, Student, spoke on summer experiences as radio man 
in the Naval Reserve. A. Whitcomb, Student, described 
interesting features in the Bellows Falls, Vt., Power Plant. 
October 5. Attendance 45. 


J. J. Donnelly, Student, read paper on the Incandescent lamp, 
illustrated by lantern slides. R. Osgood, Student, spoke 
on his summer work as metal analyzer ina foundry. Octo- 
ber 19. Attendance 49. 


J. Arren spoke on The Electrification of the Boston; Revere Beach, 
and Lynn Railroad. W. Adams, Student, gave history of 
alternating current development in the U. 8. F. Austin, 
Student, spoke on the use of space heaters in the home. 
October 23. Attendance 50. 


University of New Mexico 


First meeting of the Branch. Electrolytic Rectifiers, by W. I. 
Abbott, Branch Secretary. Discussion followed. October 
29. Attendance 18. 

Business meeting. Committee officers appointed. November 5. 
Attendance 10. 


College of the City of New York 


Film—‘“The Single Ridge.’’ October 10. Attendance 12. 
Business meeting. October 17. Attendance 12. 


R. Fassnacht, Branch Chairman, spoke on the opportunities and 
benefits of membership in the Institute. November 7. 
Attendance 21. 


Refractory Insulating Materials, by Mr. Fenwick, Chairman 
A. 8S. M. E. Branch. Joint meeting of the A. I. EB. E., 
A. S. M. E., and Chemical Engineers. 
Attendance 30. 


November 14. 


North Carolina State College 


Executive business. Film—‘‘From Mine to Consumer.”’ 
ber 15. Attendance 35. 
H. W. Horney, Branch Chairman reported on the Section meeting 


in Charlotte. Oct. 23-24. Film ‘‘Behind the Button.” 
November 5. Attendance 60. 


Octo- 


University of North Carolina 


Informal talks by Dean Braune, and Professors Bason, Lear, and 
Winkler on the advantages of A. I. E. E. membership. 
October 3. Attendance 33. 


Problems of Grecian Architecture, by Dr. J. P. Harland, illustrated 
with slides. October 31. Attendance 26. 


North Dakota State College 


Inght’s Golden Jubilee, by Lewis Nelson and Walter Nelson, 
Students. Refreshments and music. October 24. At- 
tendance 97. 


University of North Dakota 


Cirewt Breaker Problems, by E. K. Reed, Westinghouse Elec. & 
Mfg. Co., illustrated with lantern slides. October 15. 
Attendance 19. 


Northeastern University 


Theory and Use of Submarine Signal Devices, by Horatio Lamson, 
General Radio Co. Discussion followed. October 29. 
Attendance 112. 

University of Notre Dame 


Airport Illumination, by Mr. Coomes, Student; 
Life of Maxwell, by Mr. Scanlon; student, and 
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Low-Voltage Networks, by Mr. Diedrich, Indiana & Michigan 
Electric Co. Refreshments served. October 7. Atten- 
dance 55. 

The Life of Dr. Lee de Forest, by Mr. Mohler, Student. John 
Mullane of the R. C. A. Photophone Corp. explained the 
principles of R.C. A. Photophone. Committee appointments 
announced. October 21. Attendance 87. 


Ohio Northern University 


Seamless Steel Tubes, by Louis Goodman, Student. 
Attendance 32. 


Street Illumination in St. Louis, by E. Pankow, Student. 
ber 24. Attendance 23. 


Ohio State University 


Smoker. Several talks by faculty members regarding A. I. E. E. 
benefits and opportunities. October 10. Attendance 60. 


Oklahoma A. & M. College 


Walter Hass, Student, spoke on the Tulsa Rolling Mills Co. 
M. L. Hendrickson gave résumé of his summer experiences 
with Shell Petroleum Corp. Charles Fry, Student, dis- 
cussed methods used by Okla. Gas. & Elec. Co. Drafting 
Dept. October 31. Attendance 22. 


October 10. 


Octo- 


Pennsylvania State College 


Personal Recollections of Dr. Steinmetz, by R. EH. Doherty, 
G.E.Co. October 8. Attendance 86. 


Smoker. Talks by Professors Doggett, Stavely, and Messrs. 
Crosby, Powel, and Robertson. A. D. Marshall, Asst. 
Secy., G. EH. Co., visiting speaker, gave an interesting talk. 
October 15. Attendance 104. 


Talk by Mr. Evans, Asst. Vice-President of Bell Telephone Co. 
of Pa. Talk by Dean Sackett. Election of E. L. Johnston, 
Junior Vice-President, and S. A. Adler, Assistant Secretary. 
November 6. Attendance 18. 

Princeton University 


Election of officers. Purpose and By-laws of the Branch 
described. October 11. Attendance 14. 


Fortifications of the Swiss Railroads, by R. M. Schafer, Student; 
Pilatron Tubes, by H. W. Dodge, Student; and 
Testing of Underground Cables, by C. F. Nesslage, Student. 
October 31. Attendance 13. 
Purdue University 


C. K. Huxtable presented paper on Thomas A. Edison. Illus- 
trated talk given by a student on the life and history of 
Edison. October 22. Attendance 250. 


Rensselaer Polytechnic Institute 


Dr. Robb spoke on Edison. Demonstrations of old generators, 
and a replica of Edison’s first lamp was exhibited. October 
21. Attendance 95. 


The Stock Market, by Professor Spafford, Dept. of Business 
Administration. Discussion followed. November12. At- 
tendance 110. 


Rhode Island State College 
Film—‘‘Hydroelectrie Power Production in the New South.’’ 
October 16. Attendance 117. 
Rose Polytechnic Institute 
Light’s Golden Jubilee, by D. F. Williams, illustrated. October 
24. Attendance 18. 
Rutgers University 


General discussion. September 24. Attendance 17. 
lection of officers: G. HK. Weglener, President; F. Kent, Vice- 
President. October 1. Attendance 18. 


Radio Corporation of America, Bound Brook, N. J. Station, by 
A. Suone, Student; and ¢ 


1382-Kv. Underground Cable, United Electric Lt. & Pr. Co. New 
York, by F. EK. Kent, Student. October 8. Attendance 20. 


Committee appointments. Prof. Creager, Counselor, spoke on 
the activities of the Institute. October 15. Attendance 18. 
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South Dakota School of Mines 


Talks on summer experiences by Messrs. Walkling, Donaldson, 
Laws, and Sattler, Students. Prof. Kammerman, Counselor, 
gave ashort talk. October 24. Attendance 25. 


Talk by M. E. Murphy of the Western Electric Co. on the 
development of talking pictures and the installation of 
Vitaphone equipment in the theatres in England. Novem- 
ber 7. Attendance 57. 


University of Southern California 


Summer experiences related by Messrs. J. McCarter, L. Slezak, 
- Robertson, and John Wardell, Students. October 2. 
Attendance 32. 


William Hoag, General Electric Co., related experiences as a 
student engineer while at Hast Pittsburgh. October 9. 
Attendance 36. 


Past experiences related by Ivan Summers, General Electric Co. 
October 23. Attendance 39. 


Electrical Therapy, by Sidney Rosen, Student; and Telephoto, 
by Edward McCarter, Student. October 30. Attendance 32. 


My Experiences with the Westinghouse Co., by Gilbert Dunstan, 
faculty member. November6. Attendance 30. 


Stanford University 


Election of Douglas H. Ring as Branch Chairman. 
Attendance 9. 


Chairman Ring spoke on the Institute’s attitude toward the 
Student. Prof. Morgan, Counselor, outlined some of the 
papers given at the Conference on Student Activities at the 
Santa Monica convention. Dr. Ryan gave a short history 
of the Institute. October 24. Attendance 32. 


Film depicting the work by student engineers of the Test Course 
at the General Elee. Co. October 30. Attendance 28. 


October 7. 


Syracuse University 


Neon Tubes, Their Construction and Their Applications, by 
Alfred E. Davies, Student. November 12. Attendance 9. 


University of Tennessee 
Film—‘‘The Single Ridge.’”’ October 23. Attendance 20. 


Talk by J. M. Brooks on electrical devices used on automobiles 
and airplanes. M. Howery discussed the functions of a 
broadeasting station. November6. Attendance 18. 


Texas A. & M. College 


Effects of Loading on the Speed of Transmission of Deep Sea Cables, 
by D. P. Tunstall, Student. Film—‘‘Speeding up our Deep 
Sea Cables.”” November 8. Attendance 87. 


University of Texas 


Two films—‘‘Back of the Button” and ‘The Development of the 
Telephone.’’ The purpose of Student enrolment discussed. 
October 10. Attendance 33. 


University of Utah 


Frank Young, Jr., Student, read manuscript on Edison’s life. 
Alvin Fagergren, Student, spoke on Edison’s life. October 
22. Attendance 59. 


Joint meeting with A.S.M.E. Branch. Film showing the 
building of the longest tunnel in America presented. 
November 5. Attendance 42. 


University of Vermont 


Education for Engineers, taken from the April and September 
issues of the A.J. E.E. Journau, presented by F. E 
October 1. 


Beckley, Student. Attendance 14. 


Virginia Military Institute 
Film—‘‘Hydroelectrie Power Production in the New South.” 


November 8. Attendance 95. 


Film—‘‘Arteries of Industry.’’ November 12. Attendance 40. 
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University of Washington 


The Outlook for the Electrical Engineering Student, by Dr. C. E. 
Magnusson. October11l. Attendance 28. 


E. D. Engle, Student, presented a report on the 1929 Pacific 
od ous of the A. I. E. E. October 18. Atten- 
ance 21. 


Telelvision, by J. M. Wallace, Student. J. M. Wallace elected 
Junior Representative to the Engineering Council. October 
25. Attendance 19. 


Mr. Jenner, graduate student, related experiences while associ- 
ated with the Goodrich Rubber Co. Branch activities 
discussed. Novemberl. Attendance 18. 


Washington University 
Plans for future meetings discussed. October 10. Attendance 18. 


Talk by R. W. Brewster, Student, on summer experiences. 
Joyee Pittsbury elected Vice-Chairman. October 31. 
Attendance 20. 


West Virginia University 


The following papers were presented by Students: Electrical 
Status of Power Generation, by C. E. Moyers, Chairman; 
Small Loads can be Economically Connected to High-Tension 
Lines, by W. H. Sutton; Burned Out Incandescent Lamps, 
by P. J. Johnson; First Aid in Transformation Continuation 
of Large Transformers, by EK. D. Harris; Ammeter for Mea- 
suring Motor Starting Currents, by C. A. Bowers; The 
DuPont Company, and Their Methods of Handling Heavy 
Currents, by V.O. Whitman. October 14. Attendance 40. 


following papers were presented by Students: Future Street 
Car Control, by R. C. Warder; Accurate Load Forecasting, 
by R. H. Pell; Measuring of Pulsating Currents, by 3. 
Milam; Edison’s Life, by F. KE. Watson; Welding with 
Atomic-Hydrogen Flame, by J. EK. Neueomer; Advantages of 
Electric Shovel Over Steam Shovel, by A. H. Goddin; Mullion 
Volt Light Producer, by C. F. Stewart; Light Weight Railway 
Cars can be Obtained from Aluminum Alloys, by M. Suppa. 
October 21. Attendance 41. 


following papers were presented by Students: Daniel 
Guggenheim Graduate School of Aeronautics, by S. B. Wolfe; 
Lighting St. Louis, by H. W. Unger;. Electric Transmission 
versus Coal Transportation, by H. O. Webb; Toll Lines, 
by C. E. Moyers; Theory of Bowing in Telephone Cables, by 
G. H. Hollis; Methods of Splicing Large Cables, by C. J. 
O’Leary; Detroit-Canada Vehicular Tunnel, by F. KE. 
Houck; The Gas-Electric Bus, by G.S. Garrett. October 28. 
Attendance 41. 


The following papers were presented by Students: Welding of 
Ferrous and Non-Ferrous Metals by the Atomic-Hydrogen 
Flame, by P. J. Johnson; Telephone Circuits for Program 
Transmission, by J.S. Merritt; Electrifying 8000 Farms, by 
E. D. Harris; Powdered Coal Plant, by A. H. Huggins; The 
Fundamental Requirements of the Modern Railway Car, by G. 
W. Pride; Experimentations on Seadromes, by M. P. Hooker; 


Th 


oO 


The 


Requirements of Electrical Insulation, by A. Dikea. Novem- 
ber 4. Attendance 46. 
The following papers were presented by Students: Part of 


Electricity in the Manufacture of Cement, by A. F. Fervier; 
Regulation of a 30,000-Kv-a., 13,000-Volt Line, by R. H 
Pell; Foltinger Torsion Meter, by EK. Milam; Hydrogen a 
Successor to Air, by G. A. Stemple; Effects of Corona in 
Different Gasses on Insulation, by C. A. Bowers; Lighting of 
Airways and Airports for Night Flying and Requisites, by 
V. O. Whitman; Development of Insulating Oils, by J. E. 
Neucomer; Ammeters for Starting Motors, by A. H. Goddin. 
November 11. Attendance 45. 


University of Wisconsin 


Professor Jansky, Counselor, spoke on Branch activities. Two 
films—‘‘Anaconda Copper’ and ‘‘Building New York’s 
Newest Subway.”’ October10. Attendance 65. 


Yale University 


Meeting held to celebrate Light’s Golden Jubliee. Illustrated 
talk on ‘‘The Development of the Electrie Light,” by F. H. 
Eastman, Chairman. Refreshments provided. October 21. 
Attendance 40. 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in tts field. 
ninth St., New York. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 6 p. m. 


BOOK NOTICES, OCTOBER 1-31, 1929 
Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Societies do not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 
All books listed may be consulted in the Engineering Societies 


Library. 
ADVANCED LABORATORY PRACTICE IN ELECTRICITY AND 
MAGNETISM. 


By Earle Melvin Terry. 2d edition. N. Y., MeGraw-Hill 
Book Co., 1929. 318 pp., illus., diagrs., tables, 9.x 6 in., cloth. 
$3.00. 

A course of experiments given to third-year students of elec- 
trical engineering at the University of Wisconsin, which includes, 
in addition to the usual work in electrical measurements.the 
discharge of electricity through gases, radio activity and 
thermionies. 

Diz AKKUMULATOREN. 

By W. Bermbach. 4th edition. Berlin, Julius Springer, 
1929. 214 pp., illus.,9x6in., paper. 8,50 r. m. 

Professor Bermbach has thoroughly revised his book by in- 
corporating the developments of the past ten years in storage 
battery practise, especially concerning rectifiers and the uses 
of accumulators. The book gives an excellent survey of theory 
and practise, comprehensive enough for ordinary needs, but 
not too detailed. 


APPLIED INORGANIC ANALYSIS. 

By W. F. Hillebrand and G. E. F. Lundell. N. Y., John 
Wiley & Sons, 1929. 929 pp., tables, 9x6 in., cloth. $8.50. 

This new work will be welcomed by every analytical chemist. 
Starting with an instructive discussion of apparatus, reagents 
and operations, the book then takes up the determination of the 
elements, the analysis of silicate and carbonate rocks and of 
soda-lime glass and high-alumina refractories. Emphasis is 
placed upon the preparation of the solution for the required 
determination. 

The book is based upon the broad experience of its authors at 
the Bureau of Standards, and includes the substance of Dr. 
Hillebrand’s well-known Bulletin on rock analysis. 


BEGINNINGS OF TELEPHONY. 

By Frederick Leland Rhodes. N. Y., Harper & Bros., 1929. 
261 pp., illus., port., 10x 6 in., cloth. $4.00. 

Bell’s invention, the attacks on his patents, and the beginnings 
of the microphone transmitter, the overhead-wire plant, the 
telephone cable, loaded lines, the switchboard, the phantom 
circuit and long-distance lines are some of the topies that Mr. 
Rhodes discusses. His purpose is to give workers in telephony 
familiarity with the problems of pioneers in the field, to show how 
these were solved and to indicate the contributions of the various 
workers. His account of the litigation that arose over Bell’s 
patents is especially good. 


BLUEPRINT READING. 
By Joseph Brahdy. N. Y., McGraw-Hill Book Co., 1929. 
199 pp., illus., diagrs., tables, 9 x 6 in., cloth. $2.00. 


A course in the reading of working drawings, intended for 
those engaged in manufacturing industries and for students in 
trade schools. 


Direcr CURRENTS. 
By Carl Edward Magnusson. N. Y., MeGraw-Hill Book Co., 
1929. 495 pp., illus., diagrs.,9x6in., cloth. $4.50. 


A presentation in logical order of the basie principles of the 
electric circuit and of the characteristics of d-c. machines, 
apparatus, and distribution systems. Forms the first of a series 
of texts covering the fundamental laws of electrical phenomena 
as applied to engineering problems, the other volumes of which 
are ‘“‘Alternating Currents” and “Electric Transients’? by the 
same author. 


Directory; Foreine, STAMPING AND Heat TREATING PLANTS, 
1928-29. 

Pittsburgh, Steel Publications, Inc. 1929. 293 pp., 8x 5 in., 
fabrikoid. $7.50. 

This directory gives the officers, equipment, products and 
railroad connections of the various companies, as well as a 
geographic index to them. Users of forgings and stampings, as 
well as dealers in plant supplies and machinery, will find this a 
useful guide. 


Evecrric Street Licurina. 
By Charles J. Stahl. N. Y., John Wiley & Sons, 1929. 
pp., illus., diagrs., 9x 6in., cloth. $3.50. 


Readers wishing a broad working knowledge of modern prac- 
tise in the design of installations for lighting streets, will find 
here a statement of the most essential information, based on the 
author’s experience. Modern requirements and current methods 
of design, the selection and use of suitable equipment are dis- 
cussed concisely and practically. 
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ELECTROMAGNETIC PROBLEMS IN HLECTRICAL ENGINEERING. 
By B. Hague. Lond. & N. Y., Oxford University Press, 1929. 
359 pp., diagrs., 10 x 6 in., cloth. $10.50. 


Recent interest in the real physical nature of the internal 
reactions that occur within electrical machinery have prompted 
attempts to develop the theory of dynamo-electrie machinery 
as a branch of electromagnetic theory. The present book is a 
contribution to this study. 

Part one lays down the general theory of electromagnetism in 
a form suited to the requirements of engineers and occupies a 
middle ground between ordinary text-books of electricity and 
magnetism, and those on the design and operations of electrical 
machinery in which the engineering aspect is insisted upon. 
In part two, the principles laid down in part one are applied to 
the solution of a number of important electrotechnical problems, 
including the magnetic field and mechanieal forces in non-salient 
pole machinery; the field within slots and between salient poles; 
the leakage field in transformers; the magnetic field of thick 
conductors with various forms of section; and the forces acting 
upon switchgear. 


HiLECTRON Puysics. 

By J. Barton Hoag. N. Y., D. Van Nostrand Co., 1929. 
pp., diagrs., tables, 9x 6 in., cloth. $3.00. 

Intended to initiate students of physies to such concepts as 
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“electrons,” “alpha, beta and gamma rays,” “photoelectric 
effect,” ete., by experiments that require only simple apparatus. 
The book presents these concepts simply, accompanied by the 
experiments. Follows a course in radioactivity and discharge 
through gases given at the University of Chicago. 
ENGINEERING Mucuanics. 

By William Brooke and Hugh B. Wilcox. Bost., Ginn & Co., 
1929. (Engineering Series). 320 pp., 9x6 in., cloth. $3.20. 

A concise course in fundamental principles, intended for stu- 
dents of engineering with some knowledge of the calculus. 
Covers statics, kinematies and dynamics. Many problems are 
provided. 

Forty Years wits Guenprat Evecrric. 

By John T. Broderick. Albany, N. Y., Fort Orange Press, 
1929. 218 pp., ports., 8x 5in., cloth. $2.50. 

Mr. Broderick’s little book deals with the growth of the com- 
pany, with some of the men who made it, and with various 
achievements in invention and management. He presents the 

ompany as a living organism, showing the influences that have 
molded it and directed its growth. > 
HEAVIsIDH’s OPERATIONAL CALCULUS AS APPLIED TO ENGINEER- 

ING AND Puysics. 

By Ernst Julius Berg. N. Y., McGraw-Hill Book Co., 1929. 
(Electrical Engineering Texts). 214 pp., diagrs., 8 x 5 in., cloth. 
$3.00. 


Professor Berg’s book, much of which has appeared in the 
General Electric Review, is based upon an extensive experience 
in demonstrating Heaviside’s methods to students of electrical 
engineering. It provides a clear account of his calculus and a 
demonstration of its application to the study of transient 
phenomena. 
InDustriaL AccountiING; Control of Industry through Costs. 

By Thomas Henry Sanders. N. Y., McGraw-Hill Book Co., 
1929. 371 pp., forms, 8x 6 in., cloth. $4.00. 

The innovations in Professor Sanders’ discussion of accounting 
are the extensive use of case material and the concentration of 
attention upon the objectives of cost accounting rather than 
upon the mechanics of cost gathering. The book seeks to con- 
form to the modern tendency to curtail the volume of the routine 
gathering of figures and, while maintaining the current flow of 
essential control figures, to have the cost department free to 
investigate any matters of special interest at any time. 
InTRODUCTION TO PuysicaL Oprics. 

By John Kellock Robertson. N. Y., D. Van Nostrand Co., 
1929. (University Physies Series). 422 pp., plates, diagrs., 
tables, 9x 6 in., cloth. $4.00. 

Aims to provide a comprehensive introduction to the subject 
which shall be neither elementary or advanced, but will lay a 
thorough foundation for subsequent work. Starting with a 
thorough discussion of wave motion and its light ramifications, 
the author later introduces the quantum theory and, finally, 
considers briefly the problems now being studied by leading 
workers in optics. 

Lox; Tue Lire or CHARLES PROTEUS STEINMETZ. 

By Jonathan Norton Leonard. 291 pp., illus., ports., 8x6 
in., cloth. $2.75. 

An interesting popular account of Steinmetz’s life and his con- 
nection with the Central Electric Company, in which his per- 
sonality, rather than his scientific achievements, is emphasized. 
Macuine Desian. 

By P. H. Hyland and J. B. Kommers. N. Y., McGraw-Hill 
Book Co., 1929. 448 pp., illus., diagrs., tables, 9 x 6 in., cloth. 
$4.00. 

Covers the course given by the authors at the University of 
Wisconsin. While no claim is made for originality of subject 
matter, the arrangement, treatment and choice of matter are 
new in certain respects. The fundamental principles are pre- 
sented with an analysis of only a few applications. Kinematics 
is incorporated as an integral part of machine design, a plan that 
obviates, in the opinion of the authors, any need for a separate 
text on it. 

MANUEL PRATIQUE DE SOUDURE AUTOGENE. 

By R. Granjon and P. Rosemberg. 2d_ edition. 
Dunod, 1929. 410 pp., illus., 9x6 in., paper. 33,70 fr. 

This handbook of welding practise has been very popular for 
years in France and has also appeared in an English translation. 
Apparatus for autogenous welding, methods, and their applica- 
tion to steel, iron, copper, brass, lead, aluminum, ete., are 
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described in detail. This edition is revised, enlarged, and 


brought up to date. 
Mopern Aviation ENGINES. 

By Major Victor W. Pagé. N. Y., Norman W. Henley Publ. 
Co., 1929. 2v., illus., diagrs., tables,9x6in., cloth. $9.00.2v. 
_ Major Pagé has brought together a vast amount of practical 
information in these two volumes, which are intended chiefly 
for those occupied with maintenance and repair of aviation 
engines. The work includes detailed descriptions of practically 
every engine of any importance, with instructions for their care 
and repair, and also explains the theoretical principles involved 
in internal combustion engines. Good diagrams and illustra- 
tions are used profusely. A valuable reference book for practical 
men. 

Om Enoinr Power Pirant HanpBoox. 1929. 

5th edition. N. Y., National Trade Journals, Inc., 1929. 
288 pp., illus., 11 x 8 in., cloth. $5.00. 

A collection of practical articles on the operation of Diesel 
engines; on air filtration, oil purification, cooling towers and other 
plant accessories; and on the uses and economics of _ Diesel 
engines. Contains also brief descriptions and illustrations of 
the engines actively sold in America. 

Porutar Researcu NARRATIVES, V. 3. 

Collected by the Engineering Foundation. Baltimore, Wil- 
liams & Wilkins Co., 1929. i74 pp., ports., 8x5 in., cloth. 
$1.00. 

Fifty brief stories of what scientific research has accomplished 
or is accomplishing, covering a wide variety of topics. Each 
storyteller is intimately associated with the work that he de- 
seribes, and tells his story simply and interestingly. 

Das Recunen Mitr SyMMerriscHEN KOMPONENTEN. 

By Gunther Oberdorfer. Lpz. u. Ber., B. G. Teubner, 1929. 
74 pp., diagrs., 8x 5 in., paper. Price not given. 

A textbook upon the application of this method of calculation 
to the problems of electrical engineering. Starting with ele- 
mentary principles, the method is developed and its application 
to various problems illustrated, with the object of making the 
method more widely known among engineers. 
TECHNOLOGISCHES HANDBUCH DER ELEKTROTECHNIK UND DER 

ELEKTROCHEMIE. 

By Alfred Schlomann. 
Verlag, and V. D. I. Verlag, 1929. 
cloth. 41.-r. m. 

A concise encyclopedia of electrical engineering which gives 
a remarkable amount of definite, accurate information Im a 
volume of moderate size. By the use of black-face type for 
important terms, of numerous sketches, and an unusual typo- 
graphical arrangement, rapid use has been greatly facilitated, and 
an elaborate index has been provided also. The book is uniform 
with the author’s well-known six-language dictionary and con- 
stitutes a sort of developed commentary to that work. 
THeEorRY AND DesiGn or Evectric MACHINES. 

By F. Creedy. N. Y., Isaac Pitman & Sons, 1929. 
illus., diagrs., tables, 9x 6 in., cloth. $9.00. 

New possible types of dynamo-electrie machines, says the 
author, are announced almost every month, and it is evident 
that the possibilities are endless. To assist development he has 
undertaken this general survey of theoretical possibilities, in 
which they are classified scientifically and lines along which 
development offers promise are indicated. __ wiles Bio 

Starting with the theory of the general machine, one limitation 
after another is introduced and explained critically. Machines 
are thus classified into six groups, containing all possible types. 
Attention is then concentrated on cascade sets, multiple polarity 
machines and variable polarity apparatus, the three groups of 
which, in the author’s opinion, we know least at present. ; 

The final section gives general methods of designing which 
eliminate guesswork and estimating, and make possible a critical 
comparison of the possibilities of different types in advance of 
experiment. 

WARMEWIRTSCHAFT IM EISENBAHNWESEN. 

By Fr. Landsberg. Dresden u. Lpz., Theodor Steinkpoff, 
1929. (Warmelehre und Warmewirtschaft......v. 7) 207 pp., 
illus., diagrs., tables, 9x 6 in., paper. 13.-r. m. 

An application of the general principles of fuel economy to the 
specific problems of railroad operations. Covers all the various 
uses of fuel in train operation, in shops, and in stations. The 
organization of the fuel department is considered, as well as 
technical methods of economy. 


Berlin, Technische Worterbucher- 
1491 pp., illus., 10x 7 in., 


349 pp., 
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Under joint management of the national societies of Civil, Mining, M echanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 
cooperative bureau by contribution from t 


Offices: —31 West 39th St., New York, N. Y..—W V. Brown, Manager. 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif., N. D. Cook, Manager. 4 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except wpon 


requests received after an interval of one month. 
period of three months and are renewable upon request. 


The service is available only to their membership, and is maintained as a 
he societies and their individual members who are directly benefited. 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day of 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of 83 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 

invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 

placement, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less) 


three per cent of total salary recewved. 


The income contributed by the members, together with the finances appropriated 


by the four societies named above will it is hoped, be suffictent not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 

GRADUATE ELECTRICAL ENGINEER for 
publicity work. An attractive and permanent 
position immediately available. Give full out- 
line of education, experience, and approximate 
expectations. Location, East. W-13. 

ENGINEER, for Utilities Commission; must be 
college graduate in electrical or mechanical engi- 
neer with experience in utility operation or evalua- 


tion. Salary $3600-$4000 a year. Apply by 
letter. Location, South. W-14. 
ELECTRICAL ENGINEER, thoroughly 


familiar with the requirements of the paper mill 
industry. Must be capable of designing, layout, 
installation and supervision of entire electrical 
system, wiring, apparatus, and equipment, all 
appertaining to construction and operation of 
modern paper mills. Apply by letter giving full 
and complete information such as age, technical 
training, previous experience, present salary, 
references, etc., location, South. X-9625-CS. 

ELECTRICAL ENGINEER, college graduate, 
28-38, with practical experience in electrical 
generation construction, transmission, and main- 
tenance, for industrial concern. Apply by letter 
giving complete details. Location, Pennsylvania. 
X-9789. 

ELECTRICAL ENGINEER with 
years’ experience in design of d-c. machines, for 
manufacturer of electrical machinery. Apply by 
letter stating age, education, experience, refer- 
ences, and salary expected. Location, Middle 
West. X-9812-C. 

TRANSFORMER ENGINEER, experienced 
in the design of power transformers. Apply by 
letter giving age, married or single, experience, 


salary expected and when available. Location, 
New Jersey. X-9758. 
DESIGNERS, electrical engineers with 


thorough technical education, and at least four 
years’ commercial experience in synchronous- 
motor design and application engineering. Per- 
manent employment with chance for advancement 
according to ability. Apply by letter. Location, 
Middle West. X-9911-C. 

GRADUATE ELECTRICAL ENGINEER, 
with one or two years’ experience in engineering 
and manufacturing practise with manufacturer of 
synchronous motors and their control and capaci- 
tors. Apply by letter. Location, Middle West. 
X-9912-C. 

GRADUATE ELECTRICAL ENGINEERS 
for design and test work on accessories for under- 
ground power cables having wide range of voltages. 
One‘to five years’ experience, not necessarily on 
cable work. Apply by letter. Location, Middle 
West. X-9960-C. 


several. 


CABLE ENGINEERS for large public utility. 
Work is in tests, research specifications, and 
allied problems on underground power cables. 
Few years engineering experience, but cable 
experience not required. Apply by ietter. Loca- 
tion, Middle West. X-9959-C. 

ELECTRICAL ENGINEER, graduate, young, 
to enter sales department in connection with sale 
of miscellaneous heavy duty types of storage 
batteries; for instance, oil switch, emergency 
lighting and motive power installations. Oppor- 
tunity. Apply by letter. Location, Maryland. 
X-7776. 

ENGINEER, young, speaking at least one 
foreign language, for installation and maintenance 
of electro-medical apparatus. After approxi- 
mately 18 months satisfactory work in the United 
States, may be sent abroad on sales and engineer 
ing assignments. Apply by letter giving com- 
plete details, references, etc. Headquarters, 
Chicago. X-7388-C. 

RECENT GRADUATE, electrical engineer 
willing to locate in eastern territory near Philadel- 
phia and to enter traveling sales work, handling 


a-c. motors and fans. Must have clean cut 
personality. Apply by letter. Headquarters, 
Middle West. X-3172-C. 


ENGINEER, with telegraph and telephone 
experience. Must be qualified to handle engi- 
neering problems in telephone transmission, in- 
ductive interference, and telegraph and telephone 
installations. Apply by letter. Salary $250 a 
month. X-9973. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 37, married, 
graduated from Germany. Six years’ high-volt- 
ahe sub power station, transmission line layout, 
design, material, with hydroelectric power plants 
in Europe. Six years of public utility, drafting, 
design, construction of sub and power stations 
in New York City. Available at short notice. 
C-2408 

ELECTRICAL ENGINEER, wide experience 
in construction, operation, maintenance, generat- 
ing, transmission at 100,000 volts, underground 
transmission, 6600 and 22,000 volts, outdoor and 
indoor substations, mill installations. Has had 
sales and managing experience in Latin America 
and India. Speaks English, Spanish, German, 
French and Hindustani. Location, immaterial. 
Now employed. O-4222. 

ELECTRICAL ENGINEER, 
years’ varied experience; test floor, application, 
design, construction and maintenance. Now 
in charge of electrical department for mining 
company. Desires position as assistant plant 


age 29, five 


engineer or assistant electrical engineer with large 
industrial plant. Good personality and very well 
recommended. B-9001. 

ELECTRICAL ENGINEER, having 10 years’ 
practical experience in transmission distribution 
and testing, is desirous of a connection with 
progressive concern. Speaks French, German, 
and Russian. Location, Europe. B-7412. 

HY DROELECTRICAL ENGINEERING 
GRADUATE of Washington State, (1928,) single, 
26, eight months’ experience in installation of 
switch-yard control apparatus and distribution, 
also previous construction experience. Desires 
work applying electrical engineering. Principals, 
anywhere. C-6586. 

GRADUATE ELECTRICAL ENGINEER, 
EXECUTIVE, now employed, 33, married, 10 
years’ experience, design supervision of construc- 
tion, generating and railway converter substations. 
Invites correspondence from public utilities where 
opportunity for advancement. Member N.E.L. A. 
B-6600. 

ELECTRICAL ENGINEER, 38, college 
graduate, 12 years’ experience in power-plant and 
substation design, construction, and maintenance, 
three years with consulting engineers specializing 
in public utilities problems; desires to connect 
with public utility company as assistant to mana- 
ger or operating engineer. Location immaterial. 
Now employed. Opportunities for advancement 


of primary importance. C-3425. 
ENGINEER EXECUTIVE, experienced in 
industrial relations and managerial ' problems. 


Diversified training includes design, production, 
economic studies, statistical analysis and per- 
sonnel. Post graduate work in business adminis- 
tration. Permanent connection with industrial 
concern or consulting engineer desired. Available 
on month’s notice. C-6609. 

ELECTRICAL ENGINEER, 23, single, 1927 
graduate, varied experience in test department of 
large power and light company and in engineering 
department of small electrical manufacturing 
concern, desires position in engineering depart- 
ment of public utility. Now employed. Loca- 
tion preferred, East. C-6583. 

SUPERVISING AND ESTIMATING 
ENGINEER, 25 years’ experience in commercial 
and industrial power installations. Has had 
wide experience in all classes. of buildings con- 
struction work, from both a practical and theoreti- 
cal standpoint including underground and sub- 


station installations. Capable executive and 
engineer. ‘Location, New York if possible. 
C-1140. 


ELECTRICAL ENGINEER, B.S. and M.S. 
in electrical engineering, M.I.T. General Elec- 
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tric Test and central station department training 
course with large utility, desires position with 
public utility, or firm of consulting engineers. 
Available about January 15. Location, 
material. ©-9753. 

GRADUATE ELECTRICAL ENGINEER, 
32, 10 years’ experience, expert light, heat, power, 
plans specifications, engineering, correspondence, 
for theaters, hotels, skyscraper offices, apart- 
ments, public buildings, etc. Thorough experi- 
ence with architects, contractors, and consulting 
engineers. Desires connection 


im- 


ane anywhere as 
designing or estimating engineer. Capable, neat, 
thorough, conscientious, possesses personality, 


initiative, a sense of values. B-4217. 
ENGINEER, 31, single, with exceptional 
technical training, desires permanent position. 
Diversified engineering experience and specialized 
Diesel-electric development, testing or sales and 
service work preferred. Work conducive to 
individual development allowing advancement to 
executive position of primary importance. C©-6493. 
ELECTRICAL ENGINEER, 28, single, B. S., 
1929, graduated with high honors, desires connec- 
tion with manufacturer of electrical machinery or 


SU 
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RECOMMENDED FOR TRANSFER 
The Board of Examiners, at its meeting of 
November 13, 1929, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National Secretary. 


To Grade of Fellow 
ALGER, PHILIP L., Assistant to the Vice- 


President in Charge of Design Engg., General 
Electric Company, Schenectady, N. Y. 


To Grade of Member 

ACHARD, FRANCIS H., Instructor in Charge, 
Educational Bureau, Brooklyn Edison Co., 
Brooklyn, N. Y. 

BEILER, ALBERT H., Electrical Engineer, 
American Gas & Elec. Co., New York, N. Y. 

BROWNE, WILLIAM HAND, Jr., Professor of 
Electrical Engineering, North Carolina State 
College, Raleigh, N.C. 

CASTRO, CARLOS, Transmission Engineer, 
Columbia Engg. & Mgt. Corp., Cincinnati, 
Ohio. 

DRESSNER, VICTOR D., Engineer in Trans- 
mission & Distribution Dept., New York 
Edison Co., New York, N. Y. 

Du BOIS, WARREN L., Electrical Designer, 
Department of City Transit, Philadelphia, 
Pa 

FLACCUS, GEORGE W., Electrical Engineer, 
Electrical Research Products Inc., New 
SOT KN ves 

HARRISON, WILLIAM H., Plant Engineer, 
American Tel. & Tel. Co., New York, N. Y. 

HOLLISTER, FRANCIS H., Electrical Engi- 
neer, Sargent & Lundy, Chicago, Illinois. 

IRVINE, C. NES, Electrical Engineer, Gustav 
Hirsch Organization, Columbus, Ohio. 

KEELER, WILLIAM H. E., Assistant Engineer, 
New York Telephone Co., New York, N. Y 


MITCHELL, OSBORNE S., Editor, Electrical 
News and Engineering, Toronto, Ont., 
Canada. 


PIATT, WILLIAM M., Professional and Consult- 
ing Engineer, Durham, N. C. 

SERVICE, JERRY H., Head of Departments of 
Physics and Mathematics, Henderson-Brown 
College, Arkadelphia, Arkansas. 

TENNEY, HARRY W., Section 
Westinghouse Electric & Mfg. 
Pittsburgh, Pa. 


Engineer, 
Co., East 


INSTITUTE AND RELATED ACTIVITIES 


utility company. Preferably production, manage- 
ment, or design. Opportunity for advancement 
considered most important. Two years’. test 
floor experience. Location, Eastern States or 
abroad. Excellent knowledge of Russian. Avail- 
able on short notice. O-6526. 

TECHNICAL GRADUATE, 31, nine years 
electrical contracting, layout supervision esti- 
mating on theater electrical systems, public 
address system, hotel and office building power and 
light systems, street lighting. Long experience 
selling builders and executives. Knowledge of 
economics and finance, desires position where past 
experience and executive ability can be utilized. 
C-6613. 

ELECTRICAL ENGINEER, 28, married, 
desires permanent connection. Four years with 
large rapid transit company maintenance, power- 
house, substation operation, high-voltage testing, 
calibration of potential and current transformers. 
One year cable manufacturing design, construc- 
tion, estimating compute electrical characteristics, 
development work on cable and joints for 132-ky. 
underground cable. Location immaterial. C-4420. 

ELECTRICAIL-MECHANICAL ENGI- 
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APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a grade higher than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before December 31, 1929. 

Amitay, A., New Jersey Power Co., Asbury Park, 
N.J 

Babcock, C. W., General Electric Co., Schenec- 
tady, N. Y. 
Baier, H., Otis Elevator Co., New York, N. Y. 
Barber, H., New England Power Construction 
Co., Boston, Mass. 
Barrett, T. L., T. M. E. R. & L. Co., Milwaukee, 
Wis. 

Barry, L. A., Jr., 262 Elmwood Ave., Maplewood, 
ING: 

Barth, C. A., (Member), So. Bell Tel. & Tel. Co., 
Atlanta, Ga. 

Barton, J. P., Westinghouse Elec. & Mfg. Co., 
Chicopee Falls, Mass. 

Beck, D. B., Metropolitan Edison Co., Reading, 
Pa. 

Becker, A., Diehl Mfg. Co., Elizabethport, N. J. 

Beerman, M. R., Alabama Power Co., Birming- 
ham, Ala. 

Bellows, K. F., New York Edison Co., New York, 


INE AG 

Berry, P. M., W. N. Matthews Corp., St. Louis, 
Mo. 

Black, R. R., General Electric Co., Fort Wayne, 
Ind. 


Brandstoettner, W. H., American Tel. & Tel. Co., 
New York, N. Y. 

Brumbaugh, K. D., Dingle-Clark Co., Cleveland, 
Ohio 

Brundrett, G. T., Hubbard & Co., Dallas, Tex. 

Caporale, P., Radio-Victor Corp. of America, 
Philadelphia, Pa. 

Capron, R. B., Utica Gas & Electric Co., Utica, 
IN SYe 

Carver, L. A., Paramount Fire Alarm Engineer- 
ing Co., Cleveland, Ohio 

Casciato, D., Electrical Research Products, Inc.: 
Chicago, Ill. 

Chubbuck, E. E., (Member), Phoenix Utility Co., 
Allentown, Pa. 

Claridge, R. E., Northern Electric Co., Toronto, 
Ont., Can. 
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NEER, 12 years’ experience in testing, design, 
and development of d-c. motors and generators of 
the traction type. Now employed by electrical 
manufacturer as motor design engineer. Desires 
similar position with company offering oppor- 
tunity for advancement in design and manufac- 
ture. Age, 38, college graduate, married. B-3152. 

ELECTRICAL ENGINEER, 29, 1923 gradu- 
ate, married 1 14 years Westinghouse test, 114 years 
over-head distribution design, 34 years transmis- 
sion line and substation extension planning. 
cost, estimating, calculating, budget, tax, and 
general public utility engineering office work; 
desires position of responsibility in distribution or 
transmission engineering in East or South. 
O-3694. 

RESEARCH ELECTRICAL ENGINEER, 
28, E.E. and M.E. graduate from European 
Technical College, naturalized, married, 7 years’ 
experience in design of automatic-control appara- 
tus, X-ray equipment, photoelectric measuring 
apparatus. Capable of original and independent 
work. Desires responsible position in research 
department of eastern concern. References. 
Available on short notice. B-6782. 


Clark, E. N., Northern States Power Co., Min- 
neapolis, Minn. 

Clements, L. J., Box No. 647, Redwood City, 
Calif. (Applicant for re-election.) 

Coe, R. J., Connecticut Power Development Co., 
East Barnet, Vt. 

Cohn, A. G., Kansas City Power & Light Co., 
Kansas City, Mo. 

Culver, D. N., Bell Telephone Co. of Canada, 
Montreal, Que., Can. 

Dansboe, H. H., Atlantic Oil Producing Co., 
Dallas, Tex. 


de Carvajal, C. A. R., 229 East 26th St., New 
Yorks NY, 

Deck, A. R., Metropolitan Edison Co., Easton, 
Pa. 

De Leau, L. H., Brooklyn Edison Co., Brooklyn, 
Neos 

Doty, P. I., General Electric Co., Schenectady, 
NAY 


Dutton, A. G., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Eddlestone, J. E., N. Y. & Queens Elec. Lt. & Pr. 
Co., Flushing, (L.I.), N. Y. 

Ehst, M. R., W. 8. Barstow & Co., Inc., Reading, 
Pa. 

Elge, E. A., General Electric Co., Pittsfield, Mass. 

Emrick, A. B., Wagner Electric Corp., Dallas, Tex. 
(Applicant for re-election.) 

Exner, D. W., Westginhouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Finney, C. F., Jersey Bell Tel. Co., Newark, N. J. 

Frambes, R. T., W. S. Barstow & Co., Inc., Read- 
ing, Pa. 

Freundt, G. L., American Can Co., Maywood, Ill. 

Frey, R. C., Pacific Telephone & Telegraph Co., 
San Francisco, Cal. 

Gear, R. B., Commonwealth Edison Co., Chicago, 
Il. 

Geiser, W. D., Philadelphia Electric Co., Phila- 
delphia, Pa. 

George, H. C., Detroit Edison Co., Detroit, Mich. 

Goeller, C. P., General Electric Co., Lynn, Mass. 

Gough, J. H., Westinghouse Elec. & Mfg. Co., 
Chicopee Falls, Mass. 

Grabow, H., Pacific Gas & Electric Co., San Fran- 
cisco, Calif. 

Gritte, J. M., Staten Island Edison Corp., Living- 
ston; Shi. FINS 

Hartig, C. F., New York Edison Co., New York, 
N2Y ; 

Hartig, O., (Member), Eagle Electric Mfg. Co 
Brooklyn, N. Y 

Hartman, E. R., 
Akron, Ohio 


Firestone Tire & Rubber Co., 
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Hauck, H. C., Western Electric Co., Inc., New- 
ark, N. J. 

Herbert, L. P., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Hertz, H. F., Philadelphia Electric Co., Philadel- 
phia, Pa. 

Hicks, J. M., Century Electric Co., Philadelphia, 
Pa. 

Holland, J. T., Duke Power Co., Charlotte, N.C. 

Holman, W. J., Yale University, New Haven, 


Conn. 

Hoppe, W. H., General Railway Signal Co., Roch- 
ester, N. Y. 

Houston, C. A., Humble Pipe Line Co., Houston,, 
Tex. 

Howard, A. W., General Electric Co., Fort Wayne, 
Ind. 

Hunter, J. A., Pennsylvania Power & Light Co., 
Danville, Pa. 


Hurley, E. P., Bright & Co., Reading, Pa. 

Innis, H. H., General Electric Co., Schenectady, 
INES Ye 

Jarvis, H. O., City of Baltimore, Dept. of Public 
Works, Baltimore, Md. 

Johanson, A. N., The Gamewell Co., San Fran- 


cisco, Calif. 

Johnson, M. L., Kansas University, Bendena, 
Kans. 

Johnson, R. E., Lake Shore Power Co., Wauseon, 
Ohio 


Jones, C. W., New England Power Construction 
Co., Boston, Mass. 

Jordan, H., Ontario Paper Co., Ltd., Outardes 
Falls, Que., Can. 

Kirkland, J. F., New York Central Railroad Co., 
New York, N.Y. 

Kleindienst, J. G., Delano Coal Co., Inc., New 
orkssNe Ye 

Knight, E. B., Saskatchewan Govt. Telephones, 
Regina, Sask., Can. 

Korsznick, J., General Electric Co., Pittsfield, 
Mass. 

Langer, F. C., Aleazar Hotel, San Francisco, Calif. 

Leftwich, M. F., Duke Power Co., Charlotte, 
No. Car. 

Lewis, R. C., So. New England Tel. Co., New 
Haven, Conn. 

Lindstrom, H. L., Westinghouse Elec, & Mfg. Co., 
East Pittsburgh, Pa. 

Lowe, H. L., Louisville Gas & Electric Co., Louis- 
ville, Ky. 

Luttropp, A. L., Allis-Chalmers Mfg. Co., Pitts- 
burgh, Pa. 

MacDonald, H. C., Western Union Telegraph Co., 
New York, N. Y. 

Miller, W. R., Needles Gas & Electric Co., Nee- 


dles, Calif. 

Mitchell, G. T., General Electric Co., Schenec- 
tady, N. Y. 

Murphy, N. F., Harold E. Trent Co., Philadel- 
phia, Pa. 


Nebbia, A. M., Public Service Electric & Gas Co., 
of N. J., Hackensack, N. J. 

Neri, J. M., 928 Washington St., Hoboken, N. J. 

Nichol, A. J., Board of Transportation, New York, 


INY: 
Noble, W. H., Penna. Pump & Compressor Co., 
Easton, Pa. 


Nowack, D. C., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Oathout, V., Indiana Bell Tel. Co., Indianapolis, 
Ind. 

O’Brien, L. P., Byllesby Engineering & Manage- 
ment Corp., Chicago, Il. 

Olmstead, L. M., Worcester Polytechnic Institute, 
Worcester, Mass. 

Oser, W. K., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Pastoret, J. E., Reading Co., Philadelphia, Pa. 

Pearson, R. H., Westinghouse Elec. & Mfg. Co., 
Houston, Tex. 


Peters, E. B., Pennsylvania Power & Light Co.., 
Allentown, Pa. 


Phillips, J. H., Jr., 5510 Baum Blvd., Pittsburgh, 
Pa. 


INSTITUTE AND RELATED ACTIVITIES 


Pierson, W. D., Erie Malleable Iron Co., New 
York, N. Y. 

Powell, W. M., Rome Wire Co., New York, N. Y. 

Ratajezak, F. X., W. S. Barstow & Co., Reading, 


Pa. 

Rehder, E. G., New York Telephone Co., New 
hYiork: IN. 

Reibner, O. E., Electric Bond & Share Co., New 
MorkeeNe We 

Rheins, J. J., Purdue University, West Lafayette, 
Ind. 


Rhodes, D., Bell Telephone Co. of Canada, Mon- 
treal, Que., Can. 

Roush, W. L., Westinghouse Elec. & Mfg. Co., 
Houston, Tex. 

Sahkovich, R. J. K., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Schattle, R. B., Syracuse Washing Machine Corp., 
Syracuse, N. Y. 

Schmidt, M. L., General 
Wayne, Ind. 

Schrock, J. E., General Electric Co., Erie, Pa. 

Schwietering, P. J., Cudahy Brothers Co., Cud- 


Electric Co., Fort 


ahy, Wis. 

Searles, N. F., General Electric Co., Fort Wayne, 
Ind. 

Secor, C. K., Brooklyn Polytechnic Institute, 


Brooklyn, N.Y. 

Sergeant, R. E., Metropolitan Edison Co., Read- 
ing, Pa. 

Setterstrom, R. C., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Silverman, J., Brooklyn Edison Co., Brooklyn, 


INS Ye 

Snyder, W. R., J. G. White Management Corp., 
Reading, Pa. 

Solomon, M. C., Central Illinois Light Co., Peoria, 
Tl. 


Sticher, J., Detroit Edison Co., Detroit, Mich. 
Stiegelmeier, W. E., Chicago Rapid Transit Co., 


Chicago, Ill. 

Street, M. G., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa, 

Taylor, T. A., American Tel. & Tel. Co., New 
Viorke Nays, 


Thomas, H. E., R. C. A. Communications, Inc., 
Marshall, Calif. 

Trenary, H. I., Victor X-Ray Corp., Chicago, Ill. 

Underwood, R. J., New England Power Associa- 
tion, Providence, R. I. 

Verrall, V. E., General Electric Co., Fort Wayne, 
Ind. 

Weber, A. N., Lynn Gas & Electric Co., Lynn, 
Mass. 

Whelchel, C. C., Jr., (Member), General Electric 
Co., Schenectady, N. Y. 

White, C. E., General Electric Co., Fort Wayne, 
Ind. 

White, J. E., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Whting, J. G., (Member), Greene Engineers, Inc., 
Charlotte, N.C. 


Wilkie, H., Naval Research Laboratory, Ana- 
costia, D. C. 

Williams, T. M., American Tel. & Tel. Co., Pitts- 
burgh, Pa. 


Young, C. A., Northwestern Electric Co., Port- 
land, Ore. (Applicant for re-election.) 
Total 134 


Roreion 

Adams, A. L., (Member), South Porto Rico Sugar 
Co., Ensenada, Porto Rico 

Green, J. F., The Macintosh Cable Co., Ltd., 
Derby, Eng. 

Heinlein, K., Heinlein & Cia., Buenos Aires, Ar- 
gentina, So. America 

Lamy, R., Societe de la Mailleraye, Paris, France 

Oldfield, V. P., Gowerdene Hotel, London, W. C. 
1, Eng. 

Picard, A., Compania Standard Electric, Buenos 
Aires, Argentina, So. America, 

Rudenberg, R., (Member), Siemens-Schuckert- 


werke A. G., Verwaltungsgebaude, Berlin- 
Siemensstadt, Germany 


Journal A. I. E. E. 


Taguchi, O., Asia Aluminum Co., Tokyo, Japan 

Venkatesan, A., T. T. D. Electric Construction, 
Tirupathi, Madras Presidency, India 

Venkateswaran, A. S., M. S. M. Ry., Triplicane, 
Madras, India 

Total 10 


‘STUDENTS ENROLLED 


Abbott, W. Irving, University of New Mexico 

Adam, Ian M., University of British Columbia 

Adams, Norman H., University of California 

Adams, William C., University of Illinois 

Adcock, Maldan V., Texas A. & M. College 

Aldrich, Howard J., Northeastern University 

Alexander, Samuel N., University of Oklahoma 

Allan, Francis S., State College of Washington 

Allen, S. R., State College of Washington 

Allen, Stanley L., Northeastern University 

Altland, Frederick H., Lehigh University 

Anderson, Grant S., State University of New 
Mexico 

Anderson, John E., Calif. Inst. of Tech. 

Anderson, MeRoy A., South Dakota State School 
of Mines 

Andresen, Warren, University of California 

Andrews, Leo R., Virginia Military Institute 

Appl, Theodore, Kansas State Agri. College 

Archer, Samuel W., University of Illinois 

Arlio, Dominic C., Northeastern University 

Armstead, James G., Rensselaer Polytechnic Inst. 

Armstrong, William M., Stanford University 

Arvidson, Ernest R., University of lowa 

Arvidson, Paul G., University of lowa 

Ashley, Hilas C., University of California 

Ashton, Chester H., Bucknell University 

Asmann, James W., University of Cincinnati 

Atwood, Albert W., Jr., Calif. Inst. of Tech. 

Ayers, Jack W., University of Illinois 

Baer, Oscar W., Colorado State Agri. College 

Bailey, Charles F., University of Kentucky 

Bailey, James G., University of Minnesota 

Baker, Paul H., Rose Polytechnic Institute 

Baker, Robert F., Cornell University 

Balkow, Ernest C., University of Idaho 

Ballinger, Mark H., Purdue University 

Balzer, Harvey W., University of Missouri 

Banca, M. C., University of Illinois 

Bangerter, Harry G., State Univ. of New Mexico 

Banks, Carl W., Lehigh University 

Banks, Dwight H., Kansas State Agri. College 

Baptist, Noel A., Rose Polytechnic Institute 

Barksdale, Warren F., Mississippi A. & M. Col. 

Barlett, Theo. A., Ohio State University 

Barnes, George C., West Virginia University 

Barnwell, William M., Clemson Agricultural Col. 

Barrett, Josiah S., Mass. Inst. of Technology 

Baxter, Herbert M., Georgia School of Tech. 

Beach, Ralph G., University of California 

Beard, W. G., Lehigh University 

Bell, Richard A., Ohio State University 

Belsher, Gregory T., University of Idaho 

Benning, Harvey H., Jr., Cornell University 

Benson, John C., University of Kentucky 

Bergstrom, Roland F., University of California 

Berry, Leaman S., University of Maine 

Billman, Leroy S., Lehigh University 

Black, Addison F., Jr., Virginia Military Institute 

Black, Harry C., University of Kentucky 

Black, Raymond G., University of Illinois 

Blackwood, Herbert B., Virginia Military Inst. 

Blair, Royer R., Rose Polytechnic Institute 

Bloss, Theodore, University of Oklahoma 

Blum, Frederick A., University of Cincinnati 

Blythe, Joseph W., Lowa State College 

Bolliger, Theodore C., University of Wisconsin 

Bollman, V. L., University of Nebraska 

Bolton, Stanley W., Cornell University 

Bong, Tom, University of Washington 

Boltz, Jay Harold, Lehigh University 

Bondley, Ralph J., Ohio Northern University 

Bovey, Donald E., lowa State College 

Bowen, H. L., Georgia School of Technology 

Bowes, Theodore L., University of Illinois 

Bowker, Marshall E., Univ. of New Hampshire 

Boyles, Ronald M., University of Washington 

Bozick, John F., Kansas State Agricultural Col. 
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Brainard, William E., Cornell University 
Branaman, William H., University of Kentucky 
Branham, Elmer J., Kansas State Agri. College 
Branson, Orland D., Iowa State College 

Brewster, Todd W., Municipal Univ. of Akron 
Britt, Albert S., Virginia Military Institute 
Brodnax, Joe T., Virginia Military Institute 
Brower, Ralph B., University of California 

Brown, Charles T., Lafayette College 

Brown, Howard F., University of Kentucky 
Brown, Marion W., Purdue University 

Brown, Stuart C., University of Illinois 

Brown, Tomme M., University of Oklahoma 
Buch, Phil, Purdue University 

Buchanan, Royal S., University of Illinois 

Bull, James T., Cornell University 

Burbank, John H., Northeastern University 
Burge, Donald S., Purdue University 

Burgess, Everett H., Rensselaer Polytechnic Inst. 
Burnham, Lyle M., University of Texas 

Butler, Roland D., University of Maine 

Byrnes, Leon M., Clarkson College of Technology 
Caldera, Felix C., University of California 
Caldwell, Chester W., Purdue University 
Caldwell, F. R., Cornell University 

Caldwell, John H., Jr., Cornell University 

Calkins, Delos S., Cornell University 

Camp, Byron L., Pennsylvania State College 
Campbell, Doyne L., University of Oklahoma 
Campbell, Guy C., University of Utah 

Carbray F. J., McGill University 

Carland, James F.., lowa State College 

Carlen, Jans J., University of New Hampshire 
Carlson, Edward J., University of California 
Carlson, Reuben J., University of Washington 
Carlstad, Alvin, State College of Washington 
Carter, Ernest D., University of Missouri 
Caughman, Martin W., Clemson Agricultural Col 
Cawby, Elmer L., University of Kentucky 
Chaffee, F. Dudley, Worcester Polytechnic Inst. 
Chamberlain, Glenn J., Calif. Inst. of Tech. 
Chang, Kung-Huan, Cornell University 

Chanon, Henry J., Ohio State University 
Chapman, John L., Clemson Agricultural College. 
Charbonneau, Allan P., University of Kentucky 
Cherry, John T., North Carolina State College 
Church, Robert A., University of Oklahoma 
Clark, Eldon M., So. Dak. State School of Mines 
Clark, George H., Cornell University 

Clark, John R., Northeastern University 

Clarke, George J., University of Illinois 

Cloran, Charles R., Northeastern University 
Cocanower, G. M., Purdue University 

Cochran, William L., Alabama Polytechnic Inst. 
Cohenour, Howard H., University of Illinois 
Colot, Robert, Rutgers College 

Colvin, Charles E., Jr., University of Kentucky 
Comerford, Thomas G., Northeastern University 
Comings, Mary B., Stanford University 

Conrath, Robert E., Cornell University 
Constantine, Jerry Jay, University of Kentucky 
Conway, Clarence E., University of Idaho 

Cooper, Robert D., So. Dak. State School of Mines 
Cooper, Robert E., Jr., University of California 
Cooper, Winfield T., University of Illinois 

Corbin, Joseph E., Pennsylvania State College 
Corley, John D., Ohio State University 

Corp. James H., Rose Polytechnic Institute 
Corwin, Newell J., Rensselaer Polytechnic Inst. 
Coryell, Walter R., Jr., Washington University 
Cottingham, Carey, University of Illinois 

Cousins, Byron I., Kansas State Agricultural Col. 
Cowles, Marion, Jr., Kansas State Agri. College 
Craig, William D., Clemson Agricultural College 
Crane, Howard W., Colorado State Agri. Col. 
Crawford, Elston R., Rutgers College 

Cronin, Wm. M., University of Illinois 

Cutting, Charles A., University of Maine 
Danilson, Paul A., University of Idaho 

Davault, Louis T., University of Texas 

Davidson, Harvey E., Kansas State Agri. College 
Davies, Alfred E., Syracuse University 

Davis, Arthur L., Newark College of Engineering 
Davis, Maurice W., University of Kentucky 
Davis, Nelson M., Ohio State University 

Davis, Paul, Kansas State Agricultural College 
Davis, Stuart, University of Oklahoma 
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Dawson, Lee R., University of Washington 

Dawson, Royce Herbert, University of Missouri 

Deacon, Newell £., Purdue University 

Dean, Clair O., Cornell University 

Dickman, Forrest W., Purdue University 

Dicks, James H., Rose Polytechnic Institute 

Dimmitt, Herbert A., Kansas State Agri. College 

Dirks, Benjamin D., So. Dak. State School of Mines 

Dirks, Harold F., University of Detroit 

Dodds, Joseph W., State College of Washington 

Dodds, S. Harold, So. Dak. State School of Mines 

Dodge, Harold A., University of Illinois 

Donovan, Daniel J., Northeastern University 

Donovan, John F., University of Idaho 

Doremire, Clayton, Mich. Col. of Mining & Tech. 

Doty, Harold G., University of Idaho 

Douglass, George A., Clemson Agricultural Col. 

Dressor, Donald, Colorado State Agricultural Col. 

Duffus, Robert S., lowa State College 

Dunleavey, Thomas P., Mass. Institute of Tech. 

Easton, Elmer C., Lehigh University 

Eaton, Bruce G., Jr., University of Illinois 

Ehrendardt, Carl E., Rose Polytechnic Institute 

Ehringhaus, Erskine E., Duke University 

Eklund, Lennart N., University of Idaho 

Ekstrom, Iver R., Lewis Institute 

Elam, Francis P., University of Tennessee 

Ellerbeck, Karl H., University of Washington 

Elliott, John E., lowa State College 

Ellingson, Ellis M., University of lowa 

Elliott, James D., Mass. Inst. of Technology 

Ellis, Eugene V., Calif. Inst. of Tech. 

Ellis, J. G., University of Southern California 

Elmquist, Melvin L., University of Minnesota 

Epting, George H., Clemson Agricultural College 

Erickson, John E., Mich, Col. of Mining & Tech. 

Ernst, Karl W., Kansas State Agricultural College 

Estel, George A., Jr., lowa State College 

Evans, Carl B., University of New Hampshire 

Evans, John W., Ohio State University 

Evans, Lewis P., University of Illinois 

Evenson, Leonard, South Dakota School of Mines 

Everett, Leonard, Jr., Stanford University 

Faerber, Arno A., Washington State College 

Farris, Willard A., University of Maine 

Fay, Ernest E., Jr., University of Nebraska 

Fenner, Kermit F., So. Dak. State Schovi of Mines 

Finch, Glenn O., North Carolina State College 

Fischer, Frederick P., Rutgers College 

Fiske, John H., University of California 

Fitch, Howard M., University of Kentucky 

Fleisher, Henry T., Penna. State College 

Fleming, Max C., Kansas State Agricultural Col. 

Fletemeyer, Louis H., Jr., Purdue University 

Folger, Walter C., Purdue University 

Fonville, Ralph W., Duke University 

Foos, Caldwell B., Rensselaer Polytechnic Inst. 

Formhals, William H., University of Illinois 

Forster, Arthur G., University of Calif. 

Fort, Robert I., University of Kentucky 

Franco, John J., Mississippi A. & M. College 

Friesell, Charles E., Ohio State University 

From, Arthur, University of Nebraska 

Frost, Louis H., Syracuse University 

Fry, Margaret E., University of Kentucky 

Fuhlbrugge, Herman, So. Dak. State School of 
Mines 

Funkhouser, Francis M., University of Illinois 

Gahagan, Joseph E., Rensselaer Polytechnic Inst. 

Gainer, William P., Engg. School of Milwaukee 

Galbraith, Robert E., Univ. of Calif. 

Galbreath, Robert R., Carnegie Inst. of Tech. 

Garcia, Nicolas, Jr., Virginia Military Institute 

Garrigus, Lewis L., Purdue University 

Gates, Clinton E., Calif. Inst. of Tech. 

Gay, Clarence G., Northeastern University 

Gearhiser, William P., Miss. A. & M. College 

Geiman, Herschel R., Kansas State Agri. College 

Gentilini, Celso, University of [linois 

George, Ernest E., Princeton University 

George, Olin C., Ohio Northern University 

Gess, John T., University of Kentucky 

Ghamat, Shavax B., Engg. School of Milwaukee 

Gibson, John C., Mass. Inst. of Tech. 

Gibbens, John R., Rose Polytechnic Institute 

Giddings, Sylvester N., Calif. Inst. of Tech. 

Gill, Harry A., Northeastern University 
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Gillespie, Kenneth T., University of Oklahoma 
Gillham, John N., University of Kentucky 

Glasco, Charles E., Kansas State Agricultural Col. 
Glenn, Robert R., University of Missouri 

Glover, Clinton A., University of Texas 

Godard, Posey W., Miss. A. & M. College 

Godsey, James S., University of Virginia 
Golightly, William B., Engg. School of Milwaukee 
Goodman, Louis M., Ohio Northern University 
Goodwyn, Charles A., Virginia Military Institute 
Gordon, Jess F., So. Dak. State School of Mines 
Gorton, William G., Northeastern University 
Gougler, Robert L., University of Illinois 

Gould, Winfield H., Ohio State University 
Graham, Joseph H., Purdue University 

Graham, Spencer W., Kansas State Agri. College 
Grant, Raymond A., Northeastern University 
Graves, Winter K., Rensselaer Polytechnic Inst. 
Gray, Gordon E., University of Illinois 

Green, David V., Lafayette College 

Green, Edgar L., Jr., Cornell University 

Green, Martin P., Univ. of Calif. 

Greene, Lawrence G., Rhode Island State College 
Griffith, William H., Bucknell University 

Grimes, Kenneth D., Kansas State Agri. College 
Grissler, Herman, Cooper Union 

Groch, Fred R., Calif. Inst. of Tech. 

Grout, Edward M., University of Florida 

Gruber, Albert, State College of Washington 
Grund, H. Maurice, Lowa State College 

Gurinian, Paul, Lewis Institute ~° 

Haaf, George B., Syracuse University 

Haas, Gaylord Paul, University of Notre Dame 
Hadwin, Thomas F., Univ. of British Columbia 
Hagon, Thomas H., University of Wisconsin 
Hagood, George B., Clemson Agricultural College 
Hahn, Edward L., University of Nebraska 

Haines, Ellictt, Jr., Johns Hopkins Univ. 

Hall, John L., Calif. Inst. of Tech. 

Ham, Richard F., Alabama Polytechnic Institute 
Hamp, John W., Lehigh University 

Hamrick, Aaron W., North Carolina State College 
Handy, John C., Johns Hopkins University 

Hane, Oscar G., Mich. Col. of Mining & Tech. 
Hanna, C. Raymond, Northeastern University 
Harrington, John A., State College of Washington 
Harshbarger, Lloyd A., Ohio State University 
Hartman, Herbert L., Ohio Northern University 
Hartong, Hobart H., University of Illinois 
Harvey, Gordon C., Ohio State University 
Haubrich, Lee, Colorado State Agricultural Col. 
Haun, Allison J., Univ. of Calif. 

Hay, Herbert R., Lafayette College 

Hayes, Harrold H., So. Dak. State School of Mines 
Hayes, Russell R., Oklahoma University 

Haynes, Charles M., University of Missouri 
Heckert, Robert B., Kansas State Agri. College 
Heltzel, William E., Purdue University 

Hembree, Eugene E., Clemson Agricultural Col. 
Hemphill, Hugh F., University of Kentucky 
Henderson, Donald B., University of Maine 
Henderson, Donald E., Rose Polytechnic Institute 
Hendricks, Shelton, University of Kentucky 
Hendrickson, Charles T., University of Minnesota 
Herrmann, John A., Purdue University 
Hershberger, Carl A., Ohio Northern University 
Hess, B. Parker, Ohio State University 
Hesselberth, Wilfred M., University of Illinois 
Hewitt, George William, Lowa State College 
Higgins, Elmer R., University of Maine 

Hoaglund, Robert G., Northeastern University 
Hoffman, Eugene C., State College of Washington 
Hoffman, Gordon C., Clemson Agricultural Col. 
Hoffman, Gordon L., Johns Hopkins University 
Hollis, George H., West Virginia University 
Holmes. Burton E., Northeastern University 
Holmes, Richard H., Univ. of Calif. 

Honke, Akira, University of Illinois 

Horn, Virgil M., Purdue University 

Horning. Edward W., University of Illinois 
Horstman, Clifford C., Washington University 
Hoshino, Akira, Cornell University 

Howard, Clyde E., Ohio State University 

Howard, Jack M., University of Kentucky 
Howard, Richard P., University of Kentucky 
Howery, Allen M., University of Tennessee 

Hsu, Shih-Chuan, Purdue University 
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Huang, Pienchun, Purdue University 

Huber, Louis P., State College of Washington 
Hudlow, Lloyd J., State College of Washington 
Huebner, Charles A., University of Illinois 

Huffer, J. Craig, University of Florida 

Hufnagel, Walter P., University of Illinois 

Hull, Francis M., University of Detroit 
Humphrey, Nathan T., Princeton University 
Humphrey, Thomas §., Jr., New York University 
Hunt, Donald L., Iowa State College 

Hunter, Charles W., Univ of Calif. 

Hurlbut, Charles C., Syracuse University 

Hurst, Thomas T., Mississippi A. & M. College 
Ibler, Harry, University of Illinois 

Imle, John F., University of Texas 

Ireland, John W., Jr., Virginia Military Institute 
Irvine, Leland K., University of Utah 

Isherwood, Robert A., Northeastern University 
Jacklin, Norman L., University of Illinois 
Jackman, Arthur A., Northeastern University 
Jacobs, John Wm., Northeastern University 
Jacroux, George, State College of Washington 
Jarrard, C. E., Clemson Agricultural College 
Jefferies, V. E., Kansas State Agr. College 
Jenkins, Russell C., University of Missouri 
Jester, Harold S., University of Illinois 

Jobbins, Daniel Manley, Rutgers College 

Johnson, Alva A., University of Virginia 

Johnson, Clarence B., Jr., Virginia Military Inst. 
Johnson, Elmer T., Northeastern University 
Johnson, Emmett M., State Col. of Washington 
Johnson, Ernest A., Rose Polytechnic Institute 
Johnson, Paul K., Rensselaer Polytechnic Inst. 
Johnson, Victor T., University of Calif. 

Johnson, William De Laporte, Univ. of Missouri 
Johnson, W. M., University of Florida 

Johnston, Thomas F., Texas A. & M. College 
Jones, Otis C., So. Dak. State School of Mines 
Jones, Willie H., University of Nebraska 

Jordan, Robert L., University of Illinois 

Jordan, Stanley R., University of Illinois 
Kaminky, Oscar H., University of Illinois 

Kanne, Donald W., University of Minnesota 
Kantayya, Anandarao G., Rensselaer Poly. Inst. 
Karnuth, Roy F., University of Illinois 

Katt, William J., University of Illinois 

Kelliher, James L., Northeastern University 
Kelsay, William D., University of Texas 

Kemper, Floyd L., Ohio State University 
Kennedy, Frank H., Rensselaer Polytechnic Inst. 
Kent, Frederick T., Jr., Rutgers College 

Kerley, James G., Miss. A. & M. College 

Kester, Edson E., University of Florida 
Kettenring, Robert L., University of Washington 
Keyes, William R., Mich. Col. of Mining & Tech. 
Kiehle, E. G., Northeastern University 

Kime, Roy M., Princeton University 

Kimura, Henry A., 

Kinney, Floyd M., Ohio State University 

Kirk, Richard C., North Carolina State College 
Kirschner, Alfred E., Northeastern University 
Kliebenstein, W. Willard, State Col. of Wash. 
Klinke, Henry O., Rensselaer Polytechnic Inst. 
Klockler, Wallace C., State Col. of Washington 
Knack, Wallace L., Cornell University 

Knoll, Arthur F., University of Cincinnati 

Ko, C. C., Purdue University 

Koch, Theodore A., Ohio State University 
Koehler, Julius W., McGill University 

Kolb, Louis W., Lewis Institute 

Krehbiel, Menno P., Kans21s State Agr. College 
Kriviskey, George, University of [linois 

Kugler, John C., University of Idaho 

Kuhlman, Harold E., University of Oklahoma 
Kuklinski, Marcel, University of Kentucky 
Kwapil, Elmer G., University of Wisconsin 
Ladang, Alfredo C., Lewis Institute 

Lair, Otis W., Purdue University 

Lambert, William H., Carnegie Inst. of Tech. 
Lamkey, Frank R., Washington University 
Lancaster, Charles N., University of Kentucky 
Lancaster, Joseph G., University of Idaho 
Landa, Henry C., University of Wisconsin 

Lantz, Norman G., Purdue University 

Laramore, Chester E., Purdue University 

Larson, Carl G., Worcester Polytechnic Institute 
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Lautier, Roger A., Rensselaer Poly. Inst. 
Lawman, Paul M., Carnegie Inst. of Tech. 
Lawrence, Walter T., lowa State College 

Laws, Charles W., So. Dak. State School of Mines 
Lawyer, Hugh, Univetsity of Oklahoma 

Lazzari, Americo, Univ. of Calif. 

Leatherman, Henry A., Ohio Northern University 
LeCroy, James M., Miss. A. & M. College 

Lee, John H., North Carolina State College 

Lefler, Julian T., University of Kentucky 
Leibovich, Harry, University of Missouri . 
Leppert, Melvin L., Calif. Inst. of Technology 
Levine, David L., University of Illinois 

Levine, Samuel J., Mass. Inst. of Technology 
Levy, Francis E., Univ. of Calif. 

Lewis, J. Conrad, State College of Washington 
Lewis, John J., Rensselaer Poly. Inst. 

Lewis, Robert K., University of Kentucky 

Ley, John E., Kansas State Agricultural College 
Lichty, H. F., North Carolina State College 
Lightner, Paul J., University of Oklahoma 
Lindsey, Walter F., Virginia Military Institute 
Lindstrom, Jerome E., North Dakota Agri. Col. 
Lockie, Arthur M., Rensselaer Polytechnic Inst. 
Logan, John W., University of Missouri 

Lorenz, Harold F., Worcester Polytechnic Inst. 
Losoncy, Wm. A., University of Detroit 

Lotze, Charles A., Rose Polytechnic Institute 
Lundberg, Fred C., University of Utah 

Lyle, R. Elmore, State College of Washington 
MacDonald, Alden F.., University of Florida 
Macdonald, George E., Engg. School of Mil. 
Mace, Otis E., Worcester Polytechnic Institute 
Mack, Donald W., University of New Hampshire 
MacNamee, William R., Princeton University 
MacNeill, Gordon E., Northeastern University 
Macoy, Eugene W., Mass. Inst. of Technology 
Maier, Robert W., Northeastern University 
Makita, Victor K , University of Southern Calif. 
Malone, Creed, Jr., West Virginia University 
Mann, Hamilton H., University of Virginia 
Manville, Robert L., University of Illinois 
Marshall, Harrison G., University of Maine 
Marston, William R., University of Illinois 
Marvin, Gordon S., University of Illinois 

Massey, Victor H., Univ. of Calif. 

Mathisen, George, Lehigh University 

Matoian, Christopher G., Univ. of New Hampshire 
Matthews, George D., University of Illinois 
Mauney, B. 8., North Carolina State College 
Mauney, James H., North Carolina State College 
Mauss, Lyle L., Iowa State College 

Mayer, F. N., So. Dak. State School of Mines 
Mayott, William E., Rensselaer Poly. Inst. 
Mazyck, Edward H., Clemson Agricultural Col. 
McClarren, D. W., University of Washington 
McConaghy, Louis B., Carnegie Inst. of Tech. 
McCowan, Howard L., University of Illinois 
McCrary, Samuel E., Virginia Military Institute 
McCulley, E. P., Kansas State Agr. College 
McCurdy, John D., Cornell University 

McDonald, Raymond K., State Col. of Wash. 

Mc Dowell, Earle B., Iowa State College 
McFaddin, John J., Clemson Agricultural College 
McFarlin, Vernon S., Northeastern University 
McGinty, Norinan W., University of Idaho 
McIntosh, F. R., Texas A. & M. College 

McKay, William M., Montana State College 
McKenzie, Daniel B., Virginia Military Institute 
McPherson, John M., Clemson Agricultural Col. 
McPhillamey, Wallace F., University of Idaho 
Meliza, Lyle H., University of Illinois 

Melton, Dewey P., North Carolina State College 
Mendel, Leo E., University of Illinois 

Meneely, James F., University of Idaho 
Menendez, Ernest, University of Florida 
Meschicovsky, Theodore, Worcester Poly. Inst. 
Meyer, George F., University of Illinois 

Meyers, George J., Jr., Mass. Inst. of Technology 
Meyers, M. Downing, Johns Hopkins University 
Meyers, Otto F., University of Texas 

Michael, Paul O., Purdue University 

Miller, Chas. J., University of Missouri 

Miller, Leo N., University of Iowa 

Miller, Richard A., Newark College of Engineering 
Miller, Wallace B., Virginia Military Institute 


Journal A. I. E. E. 


Miner, H. Read, University of Illinois 

Mitchell, David B., University of New Mexico 
Montgomery, Glenn D., Montana State College 
Montojo, Edward P., Engg. School of Milwaukee 
Moody, Harold S., University of Southern Calif. 
Moon, Arthur W., Cornell University 

Moran, Francis P., University of Detroit 

Moran, Leo L., University of Detroit 

Morgan, Charles T., Northeastern University 
Morgan, James M., West Virginia University 
Morrow, Melvin J., Brooklyn Polytechnic Inst. 
Morton, Paul! L., University of Washington 
Muller, Hiram P., Cornell University 

Muntz, J. H., University of Mlinois 

Murch, Kenneth C., Northeastern University 
Murphy, Frederick J., Northeastern University 
Murphy, William M., University of Kentucky 
Myrick, Eberhard P., State College of Washington 
Nahas, Jack N., Texas A. & M. College 
Nanartonis, Albert N., Worcester Poly. Inst. 
Nathan, Jack X., Carnegie Inst. of Tech. 

Nave, Clyde K., University of Kentucky 

Naylor, Charles W., Kansas State Agr. College 
Nazario, Arthur, Ohio Northern University 
Neidert. John H., University of Texas 

Nelsch, Walter R., University of Illinois 

Nelson, Ruben, So. Dak. State School of Mines 
Nelson, Walter E., North Dakota Agr. College 
Newman, Clyde, Kansas State Agricultural Col. 
Niemi, Arvo N., Mich. St. Col. of Agri. & Ap. Sci. 
Noe, Milford W., University of Kentucky 

Nolan, Robert A., Ohio State University 

Norris, Rollin H., Harvard University 
Nottingham, James R., West Virginia University 
Novak, Frank E., University of Wisconsin 

Noyes, Herbert E., Northeastern University 

O’ Donnell, Cornelius E., University of Illinois 
O’Leary, Daniel F., Northeastern University 
Ordway, Robert D., Northeastern University 
Orner, Ralph J., University of Illinois 

Orth, Harry, University of Texas 

O’ Sullivan, Robert G., Brooklyn Polytechnic Inst. 
Ott, Marvin G., Kansas State Agricultural Col. 
Owsley, Carl, University of Kentucky 

Pafford, Robert J., Kansas State Agri. College 
Pagella, Charles, Rhode Island State College 
Paine, Harold G., University of Illinois 

Palmer, Robert N., Rensselaer Polytechnic Inst. 
Pangborn, Redmond J., University of Idaho 
Paramore, Leslie, Kansas State Agri. College 
Parce, Earl T., Colorado State Agricultural Col. 
Pardonner, George N., Ohio State University 
Parker, Gordon S., Virginia Military Institute 
Parks, Lester A., Northeastern University 

Pascoe, Robert L., Lafayette College 

Patel, R. M., Cornell University 

Patterson, Russell H., Ohio State University 
Patterson, William R., University of Kentucky 
Peale, Alexander H., Mississippi A. & M. College 
Peale, A. W., Miss. A. & M. College 

Pearson, John S., Stanford University 

Pelatowski, 8S. M., State Univ. of New Mexico 
Pennington, Donald J., University of Illinois 
Pentz, Everett W., University of Kentucky 
Peralta, A., Cornell University 

Pernell, J. Herbert, University of Oklahoma 
Perry, James G., University of Kentucky 

Pettus, James F., University of Kentucky 
Phillips, Charles H., Rensselaer Poly. Inst. 
Pickels, George W., Jr., University of Illinois 
Pickens, Harold L., University of Oklahoma 
Pierce, Arthur F., Jr., Worcester Poltechnie Inst. 
Pierce, Charles J., Syracuse University 

Pilgrim, Charlie J., University of Texas 

Pitner, Gordon H., University of Illinois 

Platts, Ralph N., University of Kentucky 
Plomasen, Charles G., State Col. of Washington 
Poland, Harland O., University of Maine 

Poland, Merle G., State College of Washington 
Pollacek, Edgar H., Rutgers College 

Porter, William T., Stanford University 

Powell, Arnold E., Northeastern University 
Powell, George L., Univ. of Calif. 

Prentice, Bruce R., Kansas State Agr. Col. 
Pritchett, Jack D , Calif. Inst. of Tech. 

Procopio, Ralph G., Northeastern University 
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Prucha, Alvin F., lowa State College > 

Radcliffe, Joseph H., Montana State College 
Ragsdale, John H., Univ. of Southern California 
Ranson, L. Russell, Duke University 

Rasmus, Peter A., Ohio State University 
Rayburn, Lawrence M., State Col. of Washington 
Read, G. Wilber, Calif. Inst. of Tech. : 
Reinhard, James W., Univ. of Southern California 
Rentz, Cecil V., Clemson Agricultural College 
Rettig, V. G., University of Cincinnati 

Reynard, Charles L., University of Delaware 
Reynolds, Embree E., Univ. of Calif. 

Rhee, Wm. J., Purdue University 

Rhodes, Floyd C., Rensselaer Poly. Inst. 

Rice, Charles K., University of Kentucky 
Richards, Alfred W., Mich. Col. of Mining & Tech. 
Riley, Charles W., Syracuse University 

Riner, John D., Univ. of Calif. 

Riseland, Julius L., State Col. of Washington 
Roasa, Hubert L., lowa State College 

Robb, Charles D., University of Detroit 

Robbins, Fred E., Purdue University 

Robeck, Clausen A., Johns Hopkins University 
Roberts, Frederick F., University of Idaho 
Robinson, Leonard E., University of Illinois 
Roblee, John E., University of Missouri 
Rodriquez, Carlos V., University of Texas 

Rogers, Arlington G., Mich. Col. of Mining & Tech. 
Romberg, Marvin, University of Texas 
Rosencrans, C. A., Lehigh University 

Ross, George A., Calif. Inst. of Tech. 

Rubin, Albert C., University of Illinois 

Rudasill, William A., Virginia Military Institute 
Rus, Albert F., University of Illinois 

Russell, Donald R., University of Idaho 

Russell, Lloyd W., Calif. Inst. of Tech. 

Rust, George D., Newark College of Engineering 
Ryan, Charles P., lowa State College 

Sackman, George W., Clemson Agricultural Col. 
Saibara, Robert, Texas A. & M. College 

Salazar, Alberto, Rensselaer Poly. Inst. 

Sander, Willis C., State College of Washington 
Sanders, Jack, Kansas State Agricultural College 
Sanders, J. L., Jr., University of Florida 

Sargent, Charles 8., University of Washington 
Sargent, Willard C., Northeastern University 
Sawyer, Richard M., Univ. of New Hampshire 
Scales, Samuel M., University of Texas 

Scheffer, Sebastian L., University of Maine 
Schierland, Raymond F., Univ. of Cincinnati 
Schlieder, Harold A., Rensselaer Polytechnic Inst. 
Schmuck, Rudolph, University of Texas 

Scholl, Robert A., Purdue University 

Scholz, Clarence W., University of Nebraska 
Schowe, Harvey F.., University of Missouri 
Schroder, Lawrence D., University of Utah 
Schutz, Emil, Municipal University of Akron 
Schwarz, Howard C., University of Missouri 
Scott, Robert M., University of Maine 

Scott, Stewart D., Univ. of Southern California 
Seal, Philip M., Worcester Polytechnic Institute 
Searing, William H., Cornell University 

Seegal, Jacob, Brown University 

Seely, Raymond K., State College of Washington 
Seiler, George E., University of Oklahoma 

Sexton, Charles R., Univ. of Calif. 

Shapiro, Richard, University of Illinois 

Shearer, Robert L., University of Illinois 

Sheath, Samuel B., Jr., Rutgers College 

Shepherd, Marshall L., North Carolina State Col. 
Shields, C. B., Purdue University 

Shively, Harmon G., Municipal Univ. of Akron 
Shively, Russell D., Municipal Univ. of Akron 
Shomber, Harold H., Kansas State Agri. College 
Shraberg, Ben, University of Kentucky 
Shumaker, Henry H., Mississippi A. & M. College 
Shwetz, Patrick D., Northeastern University 
Sickel, Stanley J., South Dakota School of Mines 
Siegel, George M., Worcester Polytechnic Inst. 
Sievers, Arthur G., So. Dak. State School of Mines 
Siler, Harold D., Ohio State University 
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Siniscalchi, Guy C., University of Illinois 
Smith, Benjamin T., Virginia Military Institute 
Smith, Carl E., lowa State College 

Smith, George H., University of Delaware 
Smith, Floyd H., Kansas State Agri. College 
Smith, Howard G., Cornell University 

Smith, Laurence M., University of Idaho 

Smith, Paul Q., Mississippi A. & M. College 
Smith, Wm. S8., North Carolina State College 
Smoot, E. P., Kansas State Agr. College 
Sodano, Michael C., Worcester Poly. Inst. 
Soliday, Victor W., Engg. School of Milwaukee 
Soskin, Samuel B., Lewis Institute 

Southam, W. W., McGill University 

Sowell, Thomas M., Texas A. & M. College 
Spadetti, Umberto, Rhode Island State College 
Sparks, Walter D., University of Kentucky 
Spencer, Julian L., University of Illinois 
Spencer, Lincoln O:, University of Maine 

Sperl, Kenneth K., Rhode Island State College 
Sperotto, Joseph J., Rose Polytechnic Institute 
Spilker, Clifford J., So. Dak. State School of Mines 
Sprague, V. Gilbert, Ohio State University 
Spring, William S., Cornell University 

Stanton, Samuel W., Rutgers College 

Stearns, Richard H., Duke University 

Steel, J. Ira, West Virginia University 

Steers, William F., University of Kentucky 
Sterling, Oscar R., Bucknell University 

Stidfole, Fred S., Rensselaer Polytechnic Inst. 
Stieg, Henry R., Northeastern University 

Stiles, J. Ward, University of Toronto 

Stilphen, Lee E., Northeastern University 

St. John, Robert C., University of Illinois 

Stipp, Theodore F., Calif. Inst. of Tech. 

Stoll, Philip C., Georgia School of Technology 
Stuttle, Charles S., University of Detroit 

Sucre, Antonio J., Mass. Inst. of Tech. 

Sudack, William, Northeastern University 
Suydam, George M., Lafayette College 

Sullivan, Hays, Jr., Mississippi A. & M. College 
Sussin, David, University of Texas 

Sutherland, John G., University of Cincinnati 
Swain, Vernon T., University of New Hampshire 
Swanson, John A., Engg. School of Milwaukee 
Swift, Frederick T., Jr., Calif. Inst. of Tech. 
Szewcezuk, Walter, University of Missouri 
Talbott, Arthur L., State College of Washington 
Talleott, Clifford P., Syracuse University 
Tankovich, James G., Ohio State University 
Taplin, Ernest L., State College of Washington 
Tarbet, Thomas V., Calif. Inst. of Tech. 

Tarun, Leighton P., So. Dak. State School of Mines 
Taylor, Theodore F., University of lowa 

Taylor, Wm. L., University of Illinois 

Thayer, E. Merlin, Calif. Inst. of Tech. 
Thielman, Albert, Mich. Col. of Mining & Tech, 
Thom, E. H., Kansas State Agr. College 
Thomas, Peter G., Pennsylvania State College 
Thompson, Martin M., University of Kentucky 
Thompson, R. J., University of Oklahoma 
Thompson, William G., Jr., Univ. of Calif. 
Thomson, Howard M., University of Washington 
Thudin, Clyde F., Kansas State Agri. College 
Tolentino, Damaso M., Engg. School of Mil. 
Trekell, Harold E., Kansas State Agri. College 
Trompen, J. Milton, Rutgers College 

Trotter, Robert R., Miss. A. & M. College 
Trueb, Jack, Rose Polytechnic Institute 
Truesdell, Francis W., Clarkson College 

Tsiales, Panayiotis T., University of Maine 
Turner, R. Kenneth, Ohio State University 
Twelves, Charles M., Mass. Inst. of Tech. 

Unz, Clifford F., lowa State College 

Valdes, Prodencio, University of Texas 
Valentine, Weston W., Lehigh University 

Van Horn, Otto, Montana State College 

Van Meter, B. F., University of Kentucky 
Vant, Leslie M., Northeastern University 
Vencill, George J., University of Missouri 

Vieth, Edward L., Jr., University of Kentucky 
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Villegas, Lucio P., State College of Washington 
Vipond, Leslie C., North Carolina State College 
Vogel, Charles P., Lafayette College 

Vogel, William H., Jr., Cornell University 

Waale, Theodore, So. Dak. State School of Mines 
Walden, George R., Univ. of New Hampshire 
Walker, John T., Jr., Virginia Military Institute 
Walsh, Tracy R., University of Florida 

Walsh, William C., Univ. of Calif 

Walters, Thomas A., University of Kentucky 
Walton, Louis A., University of Kentucky 
Wamboldt, Henry, Colorado State Agri. College 
Wanner, Louis R., Lehigh University 

Warrick, Paul J., University of Illinois 

Watson, Frank E., West Virginia University 
Watson, Jack H., University of Oklahoma 

Weber, John C., University of Wisconsin 

Weckel, M. F., Kansas State Agri. College 

Weeks, Gilbert E., University of Maine 

Wegel, Fred C., Rutgers College 

Weiks, John E., Engg. School of Milwaukee 

Weil, Robert T., Jr., Brooklyn Polytechnic Inst. 
Weist, Glenn E., Purdue University 

Wells, Leslie S , University of Ilinois 

Wells, Miner F., Worcester Polytechnic Institute: 
Wells, Raymond G. University of Illinois 

Wenzel, Hubert A., University of Illinois 

Wergin, Clarence, Engg. School of Milwaukee 
Werner, Calvin J., University of Cincinnati 

West, Clarence V., Virginia Polytechnic Institute 
Westberg, V. L., University of INinois 
Westerstrom, R. W., Iowa State College 

Wey, George, University of Illinois 

Wheeler, John N., Northeastern University 
Whisler, Clarence R., lowa State College 

White, Irving S., Worcester Polytechnic Institute 
White, Raymond N., University of Kentucky 
Whiteside, Elbert B., Virginia Military Institute 
Whiteside, Foster C., University of Oklahoma 
Whitney, Carl E., University of Cincinnati 
Whitney, Walter N., Cornell University 
Whittaker, Earl S., Clarkson College 

Wick, Vernon C., Mich. College of Mining & Tech. 
Wickey, John R., Purdue University 

Wickland, Edward H., University of Illinois 
Wilcoxson, Arthur F., Ohio State University 
Wildes, Arthur F., Mass. Inst. of Technology 
Willey, Garner D., University of Kentucky 
Williams, Dudley F., Rose Polytechnic Institute 
Williams, Ralph P., So. Dak. State School of Mines 
Williams, Walter J., Montana State College 
Williamson, Edwin H., University of Virginia 
Willman, Joseph A., Alabama Polytechnic Institute 
Winsor, Paul B., Rhode Island State College 

Wirt, J. Raymond, Purdue University 

Wiseman, Donald M., University of Idaho 

Wolfe, J. C., University of Nebraska 

Wolfe, Theodore A., Lehigh University 

Wolff, Marvin A., Rutgers College 

Woll, Lazar, Columbia University 

Wood, Benjamin T., University of Maine 
Woodard, Walter M., Ohio Northern University 
Woodfill, J. R., University of Illinois 

Woodruff, Marion W., University of Illinois 
Woodruff, Robert T., Carnegie Institute of Tech. 
Woolhiser, Joy E., So. Dak. State School of Mines 
Worcester, J. A., Cornell University 

Word, John A., Univ. of Calif. 

Wright, James H., Harvard University 

Wright, Milton J., Syracuse University 

Wright, Norman H., Northeastern University 
Young, F. E., University of Utah 

Young, Frederick M., Northeastern University 
Young, Joseph W., So. Dak. State School of Mines 
Young, Richard, University of Missouri 

Younis, Glen L., lowa State College 

Zable, Louis, Univ. of Calif. 

Zima, Thomas E., Carnegie Institute of Tech. 
Zimmerman, James W., University of Kentucky 


Total 835. 
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OFFICERS A. I. E. E. 1929-1930 


President 
HAROLD B. SMITH 


Junior Past Presidents 
BANCROFT GHERARDI 


Vice-Presidents 


R. F. SCHUCHARDT 


E. B. MERRIAM HERBERT S. EVANS 


H, A. KIpDER W.S. RoDMAN 

W. T. RYAN C, E. FLEAGER 

B. D. Hutt E. C. STONE 

G. E. QuInAN C. E. Sisson 

Directors 

I, E. Mouttrop J. ALLEN JOHNSON 

H. C. Don Cartos A. M. MacCutTcHEon 

F. J. CHESTERMAN A. E. Bettis 

F. C. HANKER W.S. LEE 

E. B. MEYER J. E. Kearns 

H. P. LiveRsIDGE C. E. STEPHENS 
National Treasurer National Secretary 

GrEorGE A. HAMILTON F. L. HurcHiInson 


General Counsel: PARKER & AARON 
30 Broad Street, New York 
LOCAL HONORARY SECRETARIES 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N.S. W., Australia. 
F. M. Servos, Rio de Janiero Tramways, Light & Power Co., 


Brazil. 
A. P. M. Fleming, Metropolitan Vickers Elec. Co., Trafford Park, Manchester, 


Rio de Janeiro, 


England. 
A.S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 
F. W. Willis, Tata Power Company, Bombay House, Bombay, India. 
P. H. Powell, Canterbury College, Christchurch, New Zealand. 
M. Chatelain, Lesnoi Polytechnic Institute, Apt. 27, Leningrad, U.S.S. R. 
Axel F. Enstrom, 24a Ingeniorsvetenskrapsakademien, Stockholm, 5 Sweden. 
W. Eldson-Dew, P. O. Box 4563 Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the September 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


EXxeEcurTIVvE, Harold B. Smith 

FINANCE, E. B. Meyer 

MEETINGS AND Papers, A. E. Knowlton 
PuBLICATION, W. S. Gorsuch 
(COORDINATION OF INSTITUTE Activitiges, H. A, Kidder 
BOARD OF EXAMINERS, E. H. Everit 
Sections, W. B. Kouwenhoven 
STUDENT BRANCHES, W. H. Timbie 
MEMBERSHIP, J. Allen Johnson 
HEADQUARTERS, R. H. Tapscott 

Law, L. F. Morehouse 

Pus.ic Poricy, D. C. Jackson 
STANDARDS, F. D. Newbury 

Epison MeEpAL, Samuel Insull 

Lame Mepat, Charles F. Scott 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. BE. E. 


CoDE OF PRINCIPLES OF PROFESSIONAL ConpbucT, F. B. Jewett 
CoLUMBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 

AWARD OF INSTITUTE Prizes, A. E. Knowlton 

SaFety Cones, A. W. Berresford 


SPECIAL COMMITTEE 


Apvisory COMMITTEE TO THE MUSEUMS OF THE PEACEFUL Arts, J. P. Jackson 


TECHNICAL COMMITTEES AND CHAIRMEN 


Automatic Stations, F. Zogbaum 

ComMuNIcATION, G. A. Kositzky 

EpucatTion, Edward Bennett 

ELecTrRIcAL MACHINERY, Philip L. Alger 

ELectric WELDING, A. M. Candy 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, P. H. Brace 
ELectropuysics, O. E. Buckley 

GENERAL POWER APPLICATIONS, J. F. Gaskill 

INSTRUMENTS AND MEASUREMENTS, Everett S. Lee 
APPLICATIONS TO IRON AND STEEL Propuction, M. M. Fowler 
PRODUCTION AND APPLICATION OF LIGHT, George S. Merrill 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING WorK, Carl Lee 

Power GENERATION, F. A. Allner 

Power TRANSMISSION AND DISTRIBUTION, H. R. Woodrow 
PROTECTIVE Devices, E. A. Hester 

RESEARCH, S. M. Kintner 

TRANSPORTATION, Sidney Withington 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the September issue of the JouRNAL. ) 
ALFRED NOBLE PR1IzE ComMITTEE, A. S.C. E. 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 
AMERICAN COMMITTEE ON ELECTROLYSIS 
AMERICAN ENGINEERING COUNCIL ASSEMBLY 
AMERICAN MARINE STANDARDS COMMITTEE 
AMERICAN STANDARDS ASSOCIATION 
AMERICAN YEAR Book, ADVISORY BOARD 
BoarD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH COUNCIL 
ENGINEERING FOUNDATION BOARD 
JoHN Fritz MEDAL BoarpD oF AWARD 
JOINT COMMITTEE ON WELDED RAIL JOINTS 
JOINT CONFERENCE COMMITTEE OF Four FOUNDER SOCIETIES 
LIBRARY BOARD, UNITED ENGINEERING SOCIETY 
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL FIRE WASTE COUNCIL 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF A, S..S. E.—ENGINEER- 
ING SECTION 
Rapio ADvIsORY COMMITTEE, BUREAU OF STANDARDS 
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 


U. S. NaTIONAL COMMITTEE OF THE INTERNATIONAL COMMISSION ON 
ILLUMINATION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL- 
CoMMISSION 


WASHINGTON AWARD, COMMISSION OF 


LIST OF 
Name District Chairman Secretary 
Akron (2) W.A.Hillebrand R. R. Krammes, The Ohio 
Power Co., Canton, O 
Atlanta (4) H.L. Wills W. F. Bellinger, Electric Bldg., 
Atlanta, Ga. 
Baltimore . (2) W.B.Kouwenhoven G. S. Diehl, Pa. Water & Pwr. 
Co., 1611 Lexington Bldg., 
Baltimore, Md. 
Birmingham (4) W. E. Bare O. E. Charlton, Alabama Power 
Cox, Birmingham, Ala. 
Boston (1) W. 4H. Colburn GJ: Crowdes, Simplex Wire & 
- Cable on Sidney St., Cam- 
bridge, Mass. 
Chicago (6) -D. G. LeClair F. R. Innes, c/o Electrical 
World, 7 So. Dearborn St., 
Chicago, Ill. 
Cincinnati (2) T.C. Reed L. L. Bosch, Columbia Engg. & 
Mgmt. Corp., 314 West 4th 
; St., Cincinnati, O. 
Cleveland (2) T. D. Owens Wm. H. LaMond, Simplex Wire 
& Cable Co., 2019 Union 
Trust Bldg., Cleveland, O. 
Columbus (2) R.A. Brown W. C. Johnson, Ohio Bell Tel. 
Co., 42 E. Gay St., Columbus, 
Ohic 
Connecticut (1) Sidney Withington R.G. Warner, Yale Univ., New 
Haven, Conn. 
Dallas (7) J.B. Thomas A. Chetham-Strode, Dallas Pwr. 
& Light Co., Interurban Bldg., 
Dallas, Tex. 
Denver (6) W.H. Bullock N.R. Love, 807 Tramway Bldg., 
; ; Denver, Colo. 
Detroit-Ann Arbor (5)  L.F. Hickernell T. N. Lacy, Michigan Bell Tel. 
Co., 1865 Cass Ave., Detroit, 
F Mich. 
Erie (2) W. H. Pelton Geo. I. Le Baron, General Elec- 
: tric Co., Erie, Pa. 
Fort Wayne (5) F. W. Merrill E. J. Schaefer, General Electric 
Co., Ft. Wayne, Ind. 
Houston (7) L.K.Del’Homme C. D. Farman, Southwestern 
. : ; Bell Tel. Co., Houston, Texas 
Indianapolis-Laf. (5) J. B. Bailey H.M. Stradling, 353 Mass Ave. . 
Indianapolis, Ind. 
Iowa (5) CC. L. Sampson J. K. McNeely, Iowa State Col- 
lege, Ames, Iowa 
Ithaca (1) W.C. Ballard, Jr. W. E. Meserve, 614 E. Buffalo 


St., Ithaca, N. Y. 


SECTIONS 
Name District Chairman Secretary 

Kansas City (7) A. B. Covey J. S. Palmer, Kansas City Pr. & 
Lt. Co., 1330 Grand Ave., 
Kansas City, Mo. 

Lehigh Valley (2) A.J. Althouse E. F. Weaver, Pa. Pr. & Lt. Co., 
pu Hamilton St., Allentown, 

Bs 

Los Angeles (8) N. B. Hinson H. W. Hitchcock, So. Cal. Tel. 

Co., 740 So. Olive St., Los 
- Angeles, Cal. 

Louisville (4) H.W. Wischmeyer Philip P. Ash, Louisville & 
Nashville Rd. Bldg., 9th & 
B’way Ave., Louisville, Ky. 

Lynn (1) =I. F. Kinnard H. K. Nock, General Elec. Co., 

: eye Lynn, Mass. 
Madison (5) &R. E. Purucker . C. Larson, Univ. of Wiscon- 
: ie Madison, Wis. 
Mexico (3)  G. Solis-Payan E. Leonarz, Jr., Apartado, 2601, 
; Mexico City, Mexico 

Milwaukee (5)  E. W. Seeger R. C. Siegel, Wisconsin Tel. Co., 
ats Broadway, Milwaukee, 

is. 

Minnesota (5) V. E. Engquist Oscar Gaarden, Northern State 
Pr. Co., 15 S. 5th St., Minne- 
apolis, Minn. 

Nebraska (6) D. H. Braymer W. O. Jacobi, Omaha & Council 
Bluffs St. Ry. Co., 19 & Far- 
nam Sts., Omaha, Neb. 

New York (3) H.P. Charlesworth T. F. Barton, General Elec. Co., 

: ; 120 Broadway, New York 

Niagara Frontier (1) Raymond T. Henry E. P. Harder, Buffalo General 

Elec. Co., 205 Electric Bldg., 
\ Buffalo, N. Y. 

North Carolina (4) E. P. Coles Marshall E. Lake, Duke Pr. Co. 
Power Bldg., Charlotte, Nsc: 

Oklahoma City (7) C. Walker Mier C. T. Almquist, Univ. of Okla- 
homa, Norman, Okla. 

Panama (3) 

Philadelphia (2) R.H. Silbert J. L. MacBurney, Elec. Stor- 
age Battery Co.,1955 Hunting 
Park Ave., Philadelphia, Pa. 

Pittsburgh (2) J.A.Cadwallader C. TT. Sinclair, Byllesby Engg. & 
Mnegmt. Corp., 435 Sixth Ave., 
Pittsburgh, Pa. 

Pittsfield (1) OL. F. Blume L. H. Burnham, General Elec- 


tric Co., Pittsfield, Mass. 


Dee. 1929 
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Name Chairman Secretary Name Chairman Secretary 
Portland, Ore. (9) H.H. Cake A. H. Kreul, Portland Elec. Pr. Spokane (9) Earl Baughn Loren A. Traub, 215 Symons 
Co., Hawthorne Bldg., Port- Bldg., Spokane, Wash. 
. A land, Ore. Springfield, Mass. (1) Fred L. Hunt B. V. K. French, American 
Providence (1) =F. W. Smith O. W. Briden, Blackstone Valley Bosch Magneto Corp., Spring- 
Gas & Elec. Co., Pawtucket, field, Mass. 
; Reel. Syracuse (1) F.E. Verdin Chas. W. Henderson, 504 Uni- 
Rochester (1) VirgilM.Graham Charles F. Estwick, General versity Pl., Syracuse, N. Y. 
Railway Signal Co., Roches- Toledo (2) E.B.Featherstone Max Neuber, 1257 Fernwood 
: ter, Neues Ave., Toledo, O. 
St. Louis (7) G.H.Quermann O. J. Rotty, Union Elec. Lt. & Toronto (10) =F. F. Ambuhl W. F. Sutherland, Toronto Hy- 
Pr. Co., 315 No. 12th Blvd., droelec. Sys., 225 Yonge St., 
, St. Louis, Mo. Toronto, Ont., Canada 
San Francisco (8) L. F. Fuller G. Ross Henninger, Electrical Urbana (5) M.A. Faucett C. E. Skroder, Univ. of IIl., 
West, 883 Mission St., San Urbana, Ill. 
Francisco, Cal. Utah (9) A.C. Kelm L. B. Fuller, Utah Pr. & Lt. Co., 
Saskatchewan (10) J. R. Cowley Be Comat wien CRORE Salt Lake City, Utah 
ept., Regina, Sask., Canada : 
Schenectady (1) R. Treat E.E. Johnson, Rm. 435, Bidg.2, Vancouver i aes Driise, Cou Eva nveatoneen 
ponent Hisctric Co., Schenec- BEC Canada : 
tadivsuNieny. - Z 
Seattle (9) L. N. Robinson Coe S. Smith, Elec. Engg. Washington (2) W.A.E. Doying G. L. Weller, Chesapeake & 
Dept., University of Wash- Potomac Tel. Co. & Assoc. 
: So. Cos., 725-13th St., N. W., 
ington, Seattle, Wash. F 
Sharon (2) J. B. Gibbs S. S. Cook, Westinghouse E. & Washington, D. C. 
M. Co., Sharon, Pa. Worcester (1) 4H. H. Newell R. P. Bullen, General Elec. Co., 
Southern Virginia (4) H.C. Leonard Cecil Gray, Westinghouse E. & 704 State Mutual Bldg., Wor- 
M. Co., 912 Electric Bldg., cester, Mass. 
Richmond, Va. Total 57 
LIST OF BRANCHES 
Counselor 
Name and Location District Chairman Secretary (Member of Faculty) 
ALTON Municipals UniviyOf) Aicron,, OHIOm ce eetec smc: hot ee « cose cGewh es (2) Glenn O. Hite G. G. Clark J. T. Walther 
Mabamarrolytechaiceingt. Auburn, Alaa mitts een enntne en nam neni v4 ced (4) T. S. Winter O. T. Allen W. W. Hill 
AlabamasnUniv. of wUmiversity.wA lacmmercr sn sub ey fee nahh arte iec scele: wc aco ce (4) 
ATIZOR AED LIV -GOL-WLUCSONS VATIZ Stee ctchate RACE PN ic ents ce Movi aes ekoioie oy Boe cate bek (8) Barney Shehane F. F. Denney J. Ce Clark 
ATKANSAS VUNIV OL whavetteyillemAricn te: ne cee ec ee (7) D. J. Morrison ; ; W. B. Stelzner 
Armour Inst. of Tech., 3300 Federal St., Chicago, Ill........- et Se 5, A Ae (5) J. Dollenmaier S. Janiszewski E. H. Freeman 
Brooklyn Poly. Inst., 99 Livingston St., Brooklyn, N. Y (3) F. J. Mullen R. G. O'Sullivan Clyde C. Whipple 
(2) E. C. Metcalf R. G. Tingle W. K. Rhodes 
(8) E. C. Lee de ibe Iie R. W. Sorensen 
(8) C. W. Mors R. W. Hollis L. E. Reukema 
(2) J. R. Britton S. A. Bottonari B. C. Dennison 
(2) R. B. McIntosh H. L. Brouse ae nates 7 
2 os.J. MacKavanaug 
3 V. G. Rettig R. D. Bourne W. C. Osterbrock 
(1) R. N. Roberts F. W. Truesdell A. R. Powers 
Clemson Agri,.College“Clemson (College; S. (Co.cc. vs ne oe ces eye ne olen 6 saree (4) G. W. Sackman Walter C. Snyder Sam. R. Rhodes 
Colorado State7A cris Collezes Ft.(Collins, Colosecs. ss caseuasceecnsaterenesoe (6) G. R. Branch L. Haubrich H. G. Jordan 
Colorado sUniversity-of, eboulder Colo. wea ome ete crea wa cis Gudlee neers oe neue (6) Wm. J. Dowis E. E. Stoeckly W.C DuVall 
CooperaUHionye Newyork Nem y cist cretevece ei naueiaicr ave sueieie erabeiane suena cutie ome ne oveieaat (3) H. Reuter H. Grissler 7 A. J. B. Fairburn 
CormelliUniversity withnacasiNi vine ivieyis cai Gicler ithe chelaayori eo sus sie eiee s Sekiterels (1) Alexander B. Credle J. D. McCurdy Everett M. Strong 
Denver wu nivavol me Wenvers COL 4 eet Musee cam tie din cineca selec ericeleternarerne: ais (6) L. J. Wright R. B. Convery R. E. Nyswander 
Rotroit RUDIV ROL CCLOLER IMCD te An eras cI ee Sitionenite bs brain: Satis, cuore ic Ghee covery (5) Wm. F. Haideman W.R. Moyers H. O. Warner 
rexelinstitntess lila d elp ntaee aie pete cite dare toes nies sie tie, site: Seaicusy sta cemsesem Sua Seseacacat (2) D. M. Way O. L. Eichna E. O. Lange 
Dekertiniviersity ss Durncamier Nee cats 6 scr. cclelese pur e.leiin,s cial set eos comin comeing aitlie ents (4) R. H. Stearns H. M. Sherard W. J. Seeley 
BlonidasUmiverot.Gainesvilles Mla asccesec eval tre sis austere scclers Cae «i eMMe re scacans asec (4) J. W. McKay A. L. Webb J. M. Weil 
Georgia Schoolotarech., Atiantan Garner. cx cle tes selenite s weit aba se ce (4) B. Mann K. W. Mowry T. W. Fitzgerald 
KdahomUniversityror, roscowsldahowreucs se isin wee cts ae seine canes a ees (9) Wayne McCoy C. E. Conway J. H. Johnson 
Ko warotater College a Aames sLOwAalvasioe slesusreliel shee mic) ene canes ya seeie bua sileup weyena hentai (5) H. H: Stahl Haskin F. A. Fish 
lowarstate: University of; Towa City, Lowa. oaesems os.cs drach oet aca oe sae (5) D. MacDougal E. B. Kurtz 
KansasistaterCollege,, Manhattan micansas num cmc nmieis stv crerricin cele oa Se aen (7) L. N. Lydick L. C. Paslay R. M. Kerchner 
KansasmunivnOts Wawrence wicansas. crescc ns sic cteberibensutvene + + aesisacePesiPerehe vere 2 ayetia (7) M. W. Hammond H. W. Yenzer G. C. Shaad 
KReentuck yan Uni VOL se xit1 ge bON I Vic cei ciect shel o choke FSIS rcim ayes Sic: sce a oveiaini’s Ghai sie qwlaitts (4) Wm. F. Steers R. I. Fort. W. E. Freeman 
atayertes Soller ey mastotl laine wesc cte ce sleneveyeresstorens a \0..sie, was pansparataitolala,ee sesieel ere (2) E. C. Albert Wm. F. Titus Morland King 
Hehic hv niversitysrbebmiehemis ba secs cc nce chee ale oie ahsiaWenn ce carasehalinta ale ae) oi e/'siel oe (2) B. O. Steinert J. E. Zeaser J. L. Beaver 
Mewisrinstitute. Chica cos lll rye ces renal c amu -sens toils cauceucltosapete = shales = crsyntohaetavaltuiel sels) stale 8 (5) G. W. Malstrom E. R. Borden F. A. Rogers 
Louisiana, State University, Baton Rouge, Ua... wee ee eens es (4) : M. B. Voorhies 
Mouisville; University Of, Womsvillom iyo ce stem cesar dake sie s/s kin sls ei cle isis ita ae (4) H. T. Clark O. M. Arehart D. C. Jackson, Jr. 
Maine, University of, Orono, Maine.................--. (Ce RAE ORT CD Ope Ober (1) A. E. Crockett H. R. Mayers Wm. E. Barrows, Jr. 
Marquette University, 1200 Sycamore St., Milwaukee, Wis...............-2.. (5) H. W. Haase G. C. Reichert J. F. H. Douglas 
Massachusetts Institute of Technology, Cambridge, Mass............--..--5. (1) R. H. Swingle C. M. Twelves, Jr. W. H. Timbie 
Michigan College of Mining and Technology, Houghton, Michigan............ (5) Charles F. Sawyer B. G. Swart G. W. Swenson 
Michigan State*College, Bast Lansing, Mich... 0... ccc eee cee tee eee eee (5) R. L. Clark G. A. Whitfield L. S. Foltz 
Michigan, University of) Amn sAnbor, MICH) seseec sce hse es oneness ss = (5) Charles W. Doane Glen R. Severance B. F. Bailey 
Milwaukee, School of Engineering of, 163 East Wells St., Milwaukee, Wis....... (5) T. J. Coleman, Jr. K. O. Werwath Oscar Werwath 
Minnesota, University of, Minneapolis, Minn..................... oe (5) R. W. Fenton W. M. Taylor J. H. Kuhlmann 
Mississippi Agricultural & Mechanical College, A. & M. College, Miss. . (4) W. F. Barksdale A. H. Peale L. L. Patterson 
Missouri School of Mines & Metallurgy, Rolla, Mo............... +2000 ees (7) George W. Douglas J. D. Shelton Leas Lovet A 
Missouri Umiversitylorn Columbia Vl Oncaiait: cmt cots wekos sree ele engin asa mete sas (7) L. G. Weiser a M. ee einbac 
WMontanaState College, Bozeman, Mont. wi cccccke 3s eee wee ee sees ee (9) E. B. Wilson i aa orn oF ae Noa el 
NebraskanUuiversitvsor, bancolm, NED. oe ccc + cere costes oe wie elaie ei nett win a spe ire (6) D. E. Schneider . G. Wiltse . W. Norris 
Nevada wUniversity of; Reno. Nevada, oo neice Wie coe gis cls cutie ne ees ce mee (8) A. McCullom A. B. Chace Ss. Sg dias 
Newark College of Engineering, 367 High St., Newark, N. J..........--...--- (3) H. Harrison - e Davis j: seek Ome 
New Hampshire, University of, Durham, N. H........... 0... cee cece ee eee (1) P. Nudd ee songins Seale ate coc 
New Mexico, The University of, Albuquerque, New Mexico.......... ....+05- (7) F. A. Stortz, Jr. I. bbott vee: enton 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y.. (3) R. Fassnacht F. J. Wodicka arry Baum 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 

Mercury Arc Rectifiers.—Bulletin GHA-1151, 20 pp. De- 
seribes mercury are rectifiers for railway service. General Hlec- 
trie Company, Schenectady, N. Y. 

Chain Grate Stoker.—Catalog GND-2, 28 pp. Describes 
the Green Natural Draft Chain Grate Stoker, applicable to 
boilers of all types where the load and operating conditions are 
such that a natural draft chain grate stoker is suitable. It is 
stated that this is one of the pioneer stokers of its type and is in- 
stalled under boilers of more than 1,200,000 rated boiler horse- 
power. Combustion Engineering Corporation, 200 Madison 
Avenue, New York. 

Motor Maintenance Equipment.—Catalog B-829, 58 pp. 
Describes motor maintenance equipment and electrical specialties. 
The equipment includes commutator resurfacers, grinders, mica 
undercutters, slotting files, blowers, ete. The catalog contains 
instructions for the operation of d-c. generators, a chapter which 
treats in detail of some fifty commutator troubles and remedies; 
definitions of electrical terms; and tables on the current-carrying 
capacity of solid and stranded wires, as well as tables on fusing, 
wiring and full load current data. Ideal Commutator Dresser 
Co., Sycamore, Ill. 

Electrical Distribution Systems.—Bulletin 31-C-62, 16 
pp. Describes Bull Dog “‘Bus-DUCT” and ‘“‘Trolley-DUCT.” 
The latter is a flexible system of electrical control for portable 
electrical tools as used on moving assembly lines in automobile 
and other mass production plants. Bus-DUCT is a bus bar sys- 
tem of electrical power distribution for industrial plants employ- 
ing mass production methods, where frequent and repeated 
changes in location of machines, motors and sometimes whole 
departments are desired on short notice. It displaces, to some 
extent, the older method of distribution by conduit, wires and 
power panels. Bull Dog Electric Products Co., 7610 Jos. Campau 
Avenue, Detroit, Mich. 


NOTES OF THE INDUSTRY 


The Wagner Electric Corporation, St. Louis, has ap- 
pointed D. O. Reardon as representative for part of Iowa, with 
headquarters in Des Moines, Iowa. 

The Ohio Brass Company, Mansfield, Ohio, announces 
that its Boston office in charge of Harvey H. Hoxie, has been 
removed from its former location in the Little Building to Room 
1001, Statler Building, 20 Providence Street. 

The Kuhlman Electric Company, Bay City, Mich., 
manufacturers of power, distribution and street lighting trans- 
formers, announces the appointment of Frank C. Fassett, 15 
East Jackson Street, Phoenix, Arizona, as its representative in 
that territory. 

The Allis-Chalmers Manufacturing Company, Milwau- 
kee, Wis., has appointed T. B. Wood’s Sons Company, Cham- 
bersburg, Pa., as special distributors of Texrope drives. A large 
stock of Texrope drives and Texrope belts will be carried so as to 
render prompt and efficient service. 

The Inca Manufacturing Corporation has announced the 
construction of a large addition to the new factory at Fort Wayne, 
Ind., trebling the capacity of the present plant. The structure 
will be completed shortly after the first of the year. The plant, 
which was founded by George A. Jacobs and associates, manu- 
factures copper wire products for the radio, electrical and auto- 
motive industries. 

Paul Stauffer has been appointed eastern manager of the com- 
pany with headquarters at Newark, N. J., and R. A. Connor has 
joined the sales and engineering staff at Fort Wayne. 

Westinghouse Builds Large Synchronous Converters.— 
The Roessler and Hasslacher Chemica Company, of Niagara 
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Falls, has recently ordered two 16,000 ampere, 340 volt d-c. 
synchronous converters from the Westinghouse Electric & Man- 
ufacturing Company. These machines will have the largest 
current rating of any converting equipment in electrolytic ser- 
vice, increasing by 60% the current rating of any previously 
installed converter used for’ this purpose. Switching equipment 
for the converters and two 5800 k-va., 3-phase transformers with 
tap changers were also included in the order. 


New Small Motor Starter.—A new counter E. M. F. type 
automatic starter has been developed by Cutler-Hammer, Ine., 
163 12th St., Milwaukee, Wis. This new, small motor starter 
incorporates a number of new and important features such as: 
small size, reduced voltage starting, thermal overload protec- 
tion, low voltage protection and renewable silver contacts. It 
is rated up to 2 hp., 115 or 230 volts. The contactors are de- 
signed especially for direct current service and the renewable 
silver contacts insure long life. Hach starter is supplied with a 
separate pushbutton master switch providing three-wire remote 
control. Two wire control can be furnished, if desired. 


Electric Ships for the Pacific.—Two vessels over 600 feet 
long, with turbine-electric propulsion and otherwise completely 
electrically equipped are to be constructed by the Newport News 
Shipbuilding and Dry Dock Company for the Dollar Steamship 
Line. The vessels will be sister ships of twin-screw design and 
built for a speed of 20 knots. The first one to be constructed 
will be completely electrified by the General Electric Company. 
It will have accommodations for 450 passengers and a crew of 
more than 300. The power plant on the first boat will consist of 
two 11,000 shaft-horsepower turbines running at 2500 r. p. m. and 
driving two alternating-current generators each having a con- 
tinuous rating of 10,100 kilowatts, 3-phase, 4800 volts. These 
main propulsion generators will supply electricity for driving 
two 13,250 horsepower, synchronous-induction motors, each 
connected to one of the two propellor shafts which will turn at 
the rate of 133 r. p.m. Excitation and power for operating auxil- 
iaries and lighting will be furnished by four 500-kilowatt, 240- 
volt, compound-wound, direct-current turbine generators of the 
geared type. Electrification of the auxiliaries will be practically 
complete, even to the extent of the general use of electric heat. 


Soviet Russia Employs American Engineers.—Several 
score engineers and foremen have recently been engaged to work 
in Soviet industrial and agricultural organizations, according to 
announcement of the Amtorg Trading Corporation. The Ameri- 
can engineers who have either left or will leave shortly for work 
in the Soviet Union, include experts in the metal industries, 
construction, irrigation, mining, ete. While a large number of 
technical assistance contracts, providing for sending about 200 
American engineers to the Soviet Union, have been concluded 
within the past year with American firms, no contracts with in- 
dividual engineers were made until recently. In view of the 
announced policy of the Soviet government to employ foreign 
technical talent to a greater degree, it is expected that a number 
of additional American engineers will be engaged for work in 
industrial and agricultural enterprises of the U. 8. S. R. Among 
the individual American engineers who have been retained by 
Soviet organizations are seven hydraulic engineers headed by 
Arthur P. Davis, formerly chief of the United States Reclama- 
tion Service, who will supervise the irrigation projects in Central 
Asia and Transcaucasia. A number of other Soviet industrial 
organizations have announced the intention of inviting foreign 
engineers, foremen and supervisors for work in their enterprises. 
The employment of American engineers and other technical 
personnel is done through the Amtorg Trading Corporation, 
261 Fifth Avenue, New York, representatives in this country of a 
number of the principal Soviet industrial enterprises. 
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The careful investor judges a 
security by the history of its 
performance. 


KERITE 


in a half-century of continuous produc- 
tion, has spun out a record of perform- 
ance that is unequalled in the history of 
insulated wires and cables. 


Kerite is a seasoned security. 
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Builders of Transformers for every laboratory and industrial application 


HE Amerweld Electric Spot 

Welding Machine was designed 
by American Transformer Company 
engineers for fusing small metal 
parts, such as the elements in radio 
tubes and electric light bulbs, in the 
manufacture of jewelry, dental sup- 
plies, novelties, and for small spot 
welding of all kinds. 

It is simple, quick, reliable, safe, 
and economical of current—hence 
inexpensive. Equipped with a Ward 
Leonard Vitrohm rheostat and ad- 
justable within a useful range, both 
for intensity of heat and the period 


S peed 


in Production~ 
with the delicate 
touch of the 


Craftsman~ 


of application, Amerweld fills a 
long felt need. As many welds 
as required can be made with no 
loss of time, giving maximum pro- 
ductivity and minimum waste of ma- 
terials. A battery of fifty Amerwelds 
can be accommodated on a bench 
one hundred feet long and six 
inches deep, reclaiming valuable 
floor space for other operations. 

The machine can be supplied for 
Operations on Circuits of any fre- 
quency, and voltages up to 550 volts. 
Standard units are carried in stock 
for 220 and 110 volts—60 cycles. 


For further information write for Bulletin 1125. 


Representatives 


Atlanta, Ga.—H. Douglas Stier, 101 
Marietta Street 


Chicago, Ill.—L. C. Hermann, 4433 North 
Richmond Street, Ravenswood Station 


Knoxville, Tenn.—Arthur L. Pollard 


Minneapolis, Minn.—Elliott Equipment 
Co., 708 Sixth Avenue, South. 


Montreal, Canada—W. O. Taylor & Co., 
Ltd., 415 Canada Cement Bldg. 
Philadelphia, Pa——L. D. Joralemon, 112 
South 16th Street 

San Francisco, Calif.— James H. Southard, 
682 Mission Street : 
St. Louis, Mo.—J. W. Jones, 432 Pennant 
Building 


\MERW ELD 


‘€lectric SPOTWELDER 


AMERICAN TRANSFORMER COMPANY 178 EMMET STREET NEWARK, N. J. 
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Specialists 


HE manufacturers of DURHAM Metal- 
ized Resistors place at the service of 
electrical engineers the facilities of a 


broadly experienced staff of resistance spe- 
cialists together with probably the most com- 
plete experimental laboratory of its kind in 


existence. 


Whatever your resistance problem may be, 
the utilization of this service should not only 
save time and money in bringing about a 
proper solution, but will also provide you the 
highest degree of accuracy in design and 
manufacture, together with minimum costs 


for the finished products. 


Probably the best indication of the value of 
this service lies in the fact that our engineers 
are constantly cooperating with electrical 
engineers of many of the largest manufac- 
turers and experimental laboratories and are 
continually developing new ideas, new designs 
and new uses for DURHAM Resistance Units. 
The facilities of our experimental laboratories 


plus the experience of our specialist staff are 


Please mention the JOURNAL of the A. I. E. E. 


resistance 
problems 


consult these 
Resistance 
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available to all engineers. We cordially in- 
vite you to consult with us on your resistance 


problems. 


A standard Durham Metal- 
lized resistance unit, made 
in a wide variety of ranges 
and used by the millions in 
the radio industry. 


a | 
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RESISTORS & POWEROHMS 


INTERNATIONAL RESISTANCE CO. 
2006 Chestnut Street, Philadelphia, Pa, 


when writing to advertisers 
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“Almost to the end 
of my little show, 
only three more to 

go — but remember the new 

I-T-E catalog contains 66 pages 

of descriptions, dimension 

drawings, photographs and 
prices of I-T-E equipment. 


Great help to youin your daily 
work, Brother—better write 


? my company for your ba sient 


copy.” 


U Type LL air circuit breaker truck—1600 amperes at 550 
voltsA.C.—fitted with wheels, racking in gearand separable 
contacts for easy removal from switchboard—mechani- 


Coming 
Attractions 


x Type LG circuit breaker— 
2000 amperes at 220 volts A. C. 

2 phase 4 wire — 4 poles— 

4 direct-acting overload coils 


with 4 direct-acting time limits 


Dalit _ -cl bl ‘ 3 
A Daree) aie cally interlocked so truck cannot be removed while 
on overload or short circuit F 1: : 
Gants) breaker is closed. Truck can be racked out to 6" inspection 


position without breaking auxiliary control circuits. 


I-T-E semi-automatic transfer switch—400 amperesat 480 

V volts A. C.— automatically connects load to emergency 
source when normal fails—reconnected to normal source 
by operator. Also made in full automatic form where 
switch returns instantly and automatically to normal 
source when normal is restored. 


Yy Type S circuit breaker— 150 
amperes at 250 volts D. C.— 
2 direct-acting overload coils 


with 2 direct-acting time limits 
(Dalites)— poles close inde- 
pendently, but trip together. 


Zz Padlocked U-Re- Lite —to 


prevent unauthorized changes —2 direct-acting overload coils with 2 direct-acting time lim- 


its (Dalites)—poles are closed and tripped independently. 


I-T-E CIRCUIT BREAKER COMPANY 
19th and HAMILTON STS., PHILADELPHIA 


Birmingham, American-Traders Bank Building; Boston, 201 Devonshire; Buffalo, Ellicott Sq. Bldg. ; 
Chicago, 333 N. Michigan Ave.; Cincinnati, Union Trust Bldg.; Cleveland, 439 Terminal Tower Bldg. ; 
Dallas, 1810 Allen Bldg.; Denver, Tramway Bldg.; Detroit, Penobscot Bldg.; Duluth, 611 Providence 
Bldg.; Kansas City, Midland Bldg.; Los Angeles, 106 W.3rd; Minneapolis, Plymouth Bldg.;Montreal, 
151 Lagauchetiere St. West; New Orleans, Hibernia Bank Bldg.; New York, 12 E. 41st St.; Omaha, 
Electric Bldg.; Philadelphia, 1505 Race St.; Pittsburgh, Park Bldg.; St. Louis, Bank of Commerce 
Bldg.; San Francisco, Russ Bldg.; Seattle, 802 33rd Ave.; Toronto, 149 Adelaide Street East; Van- 
couver, 500 Beatty Street. 


Ww TypeJ circuit breaker—40 amperesat 250 volts D.C.—2 poles 


of overload setting and also 


to protect men working on 


the line. 


For complete information on dependable 
protection for any circuit up to 750 volts 
D. C. or 550 volts A. C. write or call our 
nearest office, 


Sa? 


5S 
a 
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BATTERY CHARGER 


THE DIVER FR POLE) GENERATOR 


CONSTANT 
VOLTAGE INHERENT 


—————— 


RUNS AS 
MOTOR SAFELY 


For All Kinds of Battery Charging 


(Floating-—Trickle—Constant Potential—Modified Constant Potential—Cycle) 


With Safety and Keonomy 


Diverter Pole Generators floating 
with storage batteries in a telephone 
repeater station. 


A Diverter Pole Generator 
floating with a bus control 
every battery of getting the battery in an automatic 


A Diverter Pole Generator 


charging outfit that assures 


substation. 


right charge. 


Some recent comments— 


“The Diverter Pole Generators in our “The two 500-watt Generator Sets are giving 
substations go for months at a time without wonderful results and are ideal for use with 
touching the field rheostat.”” (There are ten the Automatic Fire Alarm System.” 

5-kw. generator sets in this group.) 


“The average life of our industrial truck 
“The Diverter Pole Generator is the only batteries has been doubled since the installa- 
thing for telephone batteries.” tion of your Diverter Pole charging set.’’ 


While not at liberty to officially give the names of these endorsers, we will gladly give you 
names and addresses on request that will enable you to either verify or get similar state- 


ments to those above. 


Send for descriptive bulletin 


Rocuester Execrric Propucts Corre. 


87 Allen Street Rochester, N. Y. 
BUILDERS OF D. Cc. MOTORS AND GENERATORS 


FOR 30 YEARS 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers, 
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(rE Type FA-199 


G-E Type FK-139 Oil Circuit Breakers 


A complete line of heavy-duty breakers — In- | 
door or outdoor service— 7500 to 220,000 
volts —600 to 2000 amperes — Interrupting 
ratings, 350,000 to 2,500,000  kv-a.— Con- 
servatively rated— Proved by rigid tests and 


operating experience. 


GENERAL 


GENERAL ESE Cer Relie ClOUMEPe Aw Nias SC HENGE Ce eAy DEY. 
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Oil Circuit Breakers 


Strong steel-plate construction ~ Internal 


mechanism ~ Rust-resisting pins ~ Bronze 


bushings in bearings ~ Explosion cham- 
bers on higher-duty breakers ~ Large 
break distances ~ High insulation ~ Sepa- 
rating chambers and emergency vents on 
all breakers ~ Bushing transformers ~ Bush- 


ing potential devices for 110 kv. and 


above. 


eS RM SUITE eee eae ee See ENE RN a rE 


JOIN US IN THE GENERAL 
ELECTRIC HOUR, BROADCAST 
EVERY SATURDAY AT 9 P.M., 
E.S.T. ON A NATION-WIDE 

) N.B.C. NETWORK. f 


For complete information 
about G-E Type FK-139 
oil circuit breakers, write 
to the nearest G-E office 
for a copy of GEA-925. 


470-14 


ELECTRIC 


SAL E-S 05 ed ed Oe OR a 7 
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OR years the most important nations 

of Europe have standardized on Alum- 
inum Busbars as most economical and sat- 
isfactory for transmission purposes. In this 
country the steadily widening use of Alum- 
inum Busbar clearly shows the way it is 
regarded by American engineers. 


ADVERTISING SECTION 


Journal A. I. E. BE. 


The booklet, ‘SAluminum Busbars,” con- 
tains tables of weights, carrying capacities 
and physical properties, with installation 


photographs. Please send for your copy. 


ALUMINUM COMPANY OF AMERICA 
2448 Oliver Bldg., Pittsburgh, Pa. 
Offices in 19 Principal American Cities 


ALUMINUM 


aries cee vinemctracesercertnater emer eens eer 


ay L1$ bar 
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At left: Sectional view of 
main bearing of Hi-Voltage 
Switch showing Monel Metal 
ball bearings which require 
no lubrication. Monel Metal 
bolts are also supplied if 
specified. Mfd. by THE HI- 
VOLTAGE EQUIPMENT 
CO., Cleveland, Ohio. 


At extreme left: Installation 
of Hi-Voltage Air Break 
Switches which are built with 
Monel Metal bali bearings 
as standard equipment. 


The Monel Metal bal! bearings used in all Hi-Voltage 
; switches eliminate the need for any lubrication. 

Monel Metal is used for these ball bearings and many other 
important parts of well-known outdoor switching equipment 
because it affords a combination of properties not found in any 
other material. 

Monel Metal will not rust. It is free from corrosion-cracking. 
It retains its high strength through extremes in temperatures. 
It is not subject to fatigue failures. 

To insure the dependability of outdoor electrical equipment, 
specify Monel Metal bolts, nuts, springs, pins—for parts which 
must not fail. 

SEND FOR BOOKLET—“BOLTS THAT WILL NOT FAIL” 


Monel Metal is a technically controlled Nickel-Copper alloy of higt Nickel content. It is mined, smelte refined, rolled 
and marketed solely by The Internationa! Nickel Company, Inc. The name ‘’Monel Metal’’ is a registered trade mark, 
THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK, N. Y. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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New York 


This 
Paper Insulated 
LEAD SHEATHED 
during 25 years 
25 Broadway, 


Rsconti: Wire PRopueie 


of subway passengers 
UCH of the lead power cable in- 
stalled in New York’s first subway, - 


Chicago Office: 111 West Washington Street 
Exclusive Selling Agent for Wire and Cable Products of 


POWER CABLE 


has helped to transport billions 


General Offices: 


ANACONDA WIRE & CABLE C 


back in 1904, was produced by the Na- 
tional Conduit & Cable Company, of Hast- 
re-equipped for the production of high volt- 
age cable as well as low and medium voltage 
cable for which it has long been well known. 
The new equipment will include stranding 
and insulation machinery of the latest type 
—drying and impregnating apparatus in- 
presses capable of producing the highest 


quality of lead sheath covering, and a most 
Hastings Mill. The Company will be glad 
to receive inquiries concerning the plant 


an important phase of the work at the 
and its products. 


That most of this cable is still in service 
despite the most exacting of service condi- 
tions, is striking evidence of its quality. 
The Hastings Mill is now being completely 
corporating desirable new features—lead 
complete high voltage testing laboratory. 
Constant scientific investigation will also be 


ings-on-Hudson, N. Y.—now the Hastings 
Mill of Anaconda Wire & Cable Company. 


M 
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Delegation of prominent New 
Yorkers on an inspection tour of 
New York’s first subway in 1904. 


uniform quality of Anaconda 


x 
AnaConpA 
HE high conductivity and 


organization of every process from 
unequalled for promptness and 


ordinated supervision by a single 
ore to finished product. Seven wire 
mills offer a coast-to-coast service 
dependability. 


Metals are the result of the co- _ 


T 
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MINERALLAC ELECTRIC CO. 


25 NORTH PEORIA ST. CHICAGO 


*. when writing to advertisers. 
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Locke 1066 insulator is an outstanding example of 
the perfect balance which is characteristic of all Locke 
designs. 

The record which these insulators have established is 
the natural outcome of consistent research and study, 
in both laboratory and field, extending over a period of 
more than thirty-five years. Refinements in design have 
been paralleled by improvements in manufacturing 
methods and materials, stricter standards and more ex- 
act factory control. Today—as the fruit of this— 
Locke offers you insulators which will give unequalled 
performance under any service conditions. 


When service counts, specify LOCKE. 


LOCKE INSULATOR CORPORATION 
BALTIMORE MARYLAND 


PORCELAIN 
INSULATORS 
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Keyed 
tomeet YOUR 


needs 


HIS organization is alert to the changing needs of the elec- 

trical industry. For over fifty years Standard engineers have 

been of vital assistance in the development of the industry. Today 

our whole organization is keyed to the task of progress as never 
before. 


When our representative calls, or 7s called in, you will find him 
quick to grasp your particular needs. He is experienced as a liaison 
officer between your engineers and ours. His training summarizes 
Standard’s experience and achievements, enabling him readily to 
interpret your problems to our technical staff. 


Standard products include all types and sizes of wires and 
cables—aerial, underground and submarine. For the unusual, our 
manufacturing facilities and engineering counsel are always 
“at your service’. 


We will welcome your inquiry for specifications or prices or, 
just as gladly, an opportunity to apply our experience in assisting 
you to solve your troublesome problems. 


STANDARD UNDERGROUND CABLE COMPANY 
Division of General Cable Corporation 


Perth Amboy, N. J. 


STANDARD 


UNDERGROUND 
Gus BelsbecG:-O.M-EPANY == 
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A Lineman’s View of 
DOSSERTS 


This view taken from the top cross arm shows one of 1500 DOSSERTS 
installed on lines of Los Angeles and Salt Lake Railroad Company (Union 
Pacific System). 


This Dossert year book OR 20 years engineers have 
Si ie a ca dozens "ot found DOSSERTSa means for 
connections on which. ; 

linemenkandewiremen economical and dependable con- 
can save time and pro- nections and terminals for wires, 


vide dependable joints. 


cables, rods or tubing. 


The reason for the choice of 
Dosserts is purely an engineering 
one 1.e.—the Dossert tapered sleeve 
principle. 


But the lineman’s view of the 


Dossert is always that it saves time 
and labor in the effort to make 
good connections. 


nan 


ey 
Bea 


DOSSERT & COMPANY, H.B.Locan, President, 242 West 41st St., New York 


DOSSERTS 
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0-B Fleeto Iron 


The Flecto process of treating 
malleable iron has definitely 
established a higher standard of 
malleable iron quality. Not 
only by eliminating embrittle- 
ment after hot-dip galvanizing, 
but by preventing breakage due 
to embrittlement of castings 
during extremely cold weather, 
the Flecto process saves users 
of O-B Hardware thousands of 
dollars and insures them of 
more reliable service. 


3,354,654 tested castings, with 
less than one per cent defective 
after galvanizing and no fail- 
ures in service during zero 
temperatures, prove the effect- 
iveness of the Flecto process. 


Ohi 


NEW YORK ome 


PHILADELPHIA BOSTON = 
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After 18 Years of 


Dependable Service 


Reeords Show That 
Present Day Suspension 
Clamp Requirements 
are Fully Met by 
Original O-B Design 


i Be 1911, O-B introduced Suspension Clamp No. 11538. Its 
basic design has guided the design of all O-B Suspension 
Clamps since that time. 


It was the first closed seat clamp—the first to overcome the 
hazard accompanying the loosening of the conductor in the 
clamp, caused by vibration. The closed seat clamp will not 
drop the conductor. Despite the fact that the higher voltages 
and heavier conductors have required larger and heavier 
clamps, this basic design is still the outstanding leader. 


Such a record proves the correctness of the design. It also 
proves that the material used in this clamp is the best for the 
purpose, for eighteen years ago O-B Suspension Clamps were 
cast from malleable iron. Today, three-fourths of all O-B 
clamps are still cast from malleable iron—employing the 
Flecto process. 


Eighteen years ago malleable iron served best. Today, malle- 
able iron—improved by the Flecto process—continues as the 
leader, as evidenced by the fact that transmission engineers 
specify O-B Suspension Clamps of a design and material which 
has proved best through years of service. 


Ohio Brass Company, Mansfield, Ohio 
Canadian Ohio Brass Company, L imited 
Niagara Falls, Canada 
1143H 


PORCELAIN 
INSULATORS 


LINE MATERIALS 
RAIL BONDS 
CAR EQUIPMENT 


MINING 
MATERIALS 


VALVES 


ri CHICAGO CLEVELAND ST.LOUIS ATLANTA 
SAN FRANCISCO LOS ANGELES DALLAS 
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BIG AND LITTLE, RICH AND POOR, CAN PROJECT THEIR PERSONALITIES OVER THE WIDE NETWORK OF ITS WIRES 


In the service of all the people 


An Advertisement of the 
American Telephone and Telegraph Company 


THE Bell System is owned by 
450,000 stockholders and oper- 
ated by more than 400,000 
workers for the service of the people of 
the nation. 

It is a democratic instrument of a 
democracy. Big and little, rich and 
poor, can project their personalities over 
the wide network of its wires. For 
friendship or business, pleasure or profit, 
the telephone is indispensable to our 
modern civilization. 

This year the Bell System is erecting 
new telephone buildings in more than 


200 cities. It is putting in thou- 
sands of miles of cable, thousands 
of sections of switchboard and 
hundreds of thousands of new  tele- 
phones. Its expenditure for plant and 
improvements in service in 1929 will 
be more than 550 millions of dollars— 
half again as much as it cost to build the 
Panama Canal. . 

This program is part of the telephone 
ideal that anyone, anywhere, shall be 
able to talk quickly and at reasonable 
cost with anyone, anywhere else. There 
is no standing still in the Bell System. 


Journal A. I. E. E. 
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American Steel & Wire Company 


oa V sein the Yuletide, with 
inspirations of good cheer is with us—the New 


Year approaches—and we sincerely extend 
to you our very best wishes for a very 


ELECTRICAL WIRES MERRY CHRISTMAS and q 
anesican sree a wine ona L 4 A D D Mer D R ey) S D FE R O U S 


Rubber Covered 
Weatherproof 


Bare Copper— Magnet 
Annuneiator and Office Wires ; >» »> » 


Lamp Cords—Trolley Wire 
Automobile Cables 


Submarine Cables 
Park and Suburban Cables 
Power Cables 


Either Rubber. Cambric or 
Paper Insulated 
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American Steel & Wire Company 


SUBSIDIARY © 2 CORPORATION 


30 Church Street, New York 


208 S. La Salle Street, Chicago 


Other Sales Offices: Atlanta Baltimore Birmingham Boston Buffalo Cincinnati Cleveland 
Dallas Denver Detroit Kansas City Memphis Milwaukee Minneapolis-St. Paul 
Oklahoma City Philadelphia Pittsburgh Salt Lake City St. Louis Wilkes-Barre Worcester 


U. S. Steel Products Co.: San Francisco, Los Angeles, Portland, Seattle, Honolulu 
Export Distributors: United States Steel Products Co., 30 Church St., New York City 


Se eaieies ees ee 
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FERRANTI LTD. 


DEPARTMENTAL MEMORANDUM. 


ETN/ML. 


Be SNOUT Comte Ah ei Daler fon Ore eee ame 


LT On watts To 


Sales Department. 


FERRANTI- SURGE ABSORBERS. 


Damage caused by Lightning. 


An investigation has recently been carried out on a large scale 
into the damage caused by lightning surges, together with the effects of 
lightning arresters in the United States. The results are extremely in- 
teresting, and are published in the Technical News Bulletin of the United 
States Bureau of Standards for July 1929. 


The investigation covered two calendar years and summarises 
the experience of 240 Supply Companies scattered over thirty States in the 
west and middle west. 


The total amount of damage caused in this period was valued at 
$631,000. Considering damage to transformers only, 91% of the breakdowns 
occurred in transformers protected by lightning arresters, whereas only 80% 
of the transmission lines were protected by lishtning arresters. 


These figures indicate that on the average 2.44 times as many 
transformer breakfowns occurred on each protected line as on each unprotected 
line. Although arrester protection is probably more prevalent in lightning 
areas, it would appear from these figures that the lightning arresters do 
considerably more harm than good. 


All lightning arresters under consideration operate by dis- 
charging the surge to earth, and therefore the power arcs and disturbance 
to the supply thus set up are probably responsible for many breakdowns that 
would not otherwise have occurred. 


The report states that 3673 breakdowns occurred to Station 
apparatus, and of these cases, 3171 or 863%, were inductive apparatus such 
as transformers, rotating machinery, etc. These figures show quite clearly 
that the principal damage caused by lightning surges is to inductive apparatus, 
such as transformers which are affected by the steepness of the wave front 
rather than by the amplitude. The fact that existing lightning arresters 
have been so useless is evidently because they operate on the amplitude of 
the wave instead of on its steepness of wave front. The surge absorber 
essentially operates on tne steepness of wave front. 


Tne prevalence of lightning varied widely over the areas covered, 
some areas reporting an average of seven instances of damage per 100 miles 
of transmission line per season, and others only .05 instances of damage. 


The voltages of the various systems varied from 60 to 125,000, 
and most of the damages recorded occurred on lines of low or medium voltage. 


It should be emphasized that the report referred to above is 
published by the United States Bureau of Standards, and is therefore presumably 
accurate and authoritative. 


(sgd.) INS UG. op meAtey. 
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HERE is no time lag in the 
operation of the Ferranti 
Surge Absorber. 


HE steeper the wave-front of 
any transient voltage (with 
consequent increase in danger to 
inductive apparatus) the more 
effective the Absorber. 


Suitable for con- 
necting in cables 
and transmission 
lines of voltages 


from 
220 to 220,000 


Klydonograph 
records of the 
voltage across 
the end turns of transformer at termi- 


NOTE The amplitade nal of transmission line. 


of the surge voltage is 


approximately propor- a. Without Surge Absorber in circuit. 
tional to the diameter : 5 : ‘ 
of the figure. b. With Surge Absorber in circuit. 


FERRANTI 


SURGE ABSORBER 


Ferranti, Inc. Ferranti, Ltd. Ferranti Electric Limited 
130 West 42nd Street Hollinwood 26 Noble Street 
New York, U.S. A. Lancashire, England Toronto, Canada 
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A three-phase regulating 
transformer with load ratio 
control at the Gadsden 
Substation of the Alabama 
Power Company. Rated 
10,000/20,000 kv-a. (out- 
put), 46,000 volts 


Six Bags: phase power eS with load 

ratio control at the Westmoreland Substation 

of the Philadelphia Electric Company. Each 
rated 20,000 kv-a., 72,450 to 13,800 volts 


ENERAL 


GENERAL ELECTRIC Gs O=MeReAgN Ys SCHENECTADY, 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Dec. 1929 ADVERTISING SECTION 21 


Control — 


Four single-phase’ power transformers with load ratio control at the Saugus 
Station of the Southern California Edison Company. Each rated 25,000 
kvea,, 220,000 to 72,000 volts 


Features of 
General Electric Design 


The voltage steps are uniform regard- 
less of load or power-factor, because 
each ratio is obtained directly from a 
separate tap. 


Complete oil immersion, so important 
in the successful operation of high- 
voltage apparatus, affords the necessary 
high degree of reliability. 


The usual nine ratios are obtained with 
only two current-interrupting contacts 
per phase, requiring but one inspection 
annually. 

Extreme compactness is an important 
feature of G-E design; in some cases no 
additional floor space is required, 


-now used by practically every 
large operating company 


N the comparatively short period of seven 
years, G-E equipment for changing 
transformer ratio under load has been applied 
almost universally. It has been so generally 
accepted that the power thus regulated 
totals millions of kv-a. This attests the com- 
prehensive experience of General Electric 
in the production of load ratio control and 
demonstrates the unqualified success of the 
G-E method and design. 


JOIN US IN THE GENERAL ELECTRIC HOUR, BROADCAST EVERY 


SATURDAY AT Q P.M., E.S.T. ON A NATION-WIDE N.B.C. NETWORK 
410-22 
eS A LE Ss Cyne Ee tae: $ R Bete EPA 1 Sey as eee Ge Seo 
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PURLEYING\ 
TRANSFORMER 3 


HESE Sharples Portable Units—one in- 
stalled five years ago and the other two 
years ago—centrifuge transformer oil for 

the Moloney Electric Company of St. Louis. 


Approximately four thousand gallons of trans- 
former oil are purified daily, the Super Centrifuge 
removing all-dirt, water and sludge and restor- 
ing the dielectric strength of the oil to well 
above the specification requirements of new oil. 


THE SHARPLES SPECIALTY COMPANY, 


2324 WESTMORELAND STREET, PHILADELPHIA, 
Boston, New York, Baltimore, Pittsburgh, Chicago, Detroit, Tulsa, 
New Orleans, San Francisco, Los Angeles, Toronto, London, Paris, 


Australia. 


Pie .. : : i 
A& GREAT FORCE 
an \ ¥l \ yl 1s r 


— YX 
q 


Tokio; Henry W. Peabody & Company, Sydney and Melbourne, g' pete 


Journal A. I. KE. E. 


A 
BXIAS 
VIS 
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New Small Sized 
Bristol’s Recording 
Voltmeters and 
Ammeters 


Please mention the JOURNAL o 


Above are shown 
several panels of 
Bristol’s small size 
recording Voltmet- 
ers and Ammeters 
installed in unat- 
tended substation 
of The Detroit 
Edison Company, 
Detroit, Michigan. 


At left is a close up 
view of one of the 
instrument panels. 
Note how admir- 
ably these small 
size instruments 
lend themselves to 
board mounting. 
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Te those responsible for the routine 
checking of central station, sub- 
station and automatic substation operat- 
ing efficiency, this Bristol’s New Small 
Sized Electrical Instrument should have 
an instant appeal. 


The small sized rectangular form record- 
ing instrument adapts itself admirably 
to panel board mounting. It requires 
only a minimum amount of space and 
presents a very trim and pleasing appear- 
ance. In keeping with this idea of econo- 
mizing space the door is so designed that 
it can be opened even when the instrument 
cases are mounted with 
practically no space be- 
tween them. 


Records Simplify Control 


Operating records  ob- 
tained with Bristol’s Re- 
cording Voltmeters and 
Ammeters assist in locat- 
ing overloaded feeders, 
overloaded stations and 
over capacity stations. 


The Voltage record gives 
a continuous check on 
the uniformity of regu- 
lation, and warns of im- 
pending faults before they 
grow to an extent that 
customers complain. The 
individual AMPERE 
METER records of each 
phase show clearly 
whether or not the three 
phases are balanced. 


Voltage and ampere records taken 
together, provide an excellent means 
of checking voltage in conjunction 
with changes in load. 


Charts used are but 6 inches in diam- 
eter. Where a great many records 
must be examined periodically, these 
small charts can be accurately and 
speedily checked. Furthermore, they 
are all uniform in size—can be handled 
almost as easily as a deck of cards, 
and require very little space for filing. 


Complete information in Bulletin #373, a copy 
of which will be sent to any interested person. 


The Bristol Company 


Outside case di- 
mensions are 8” e 
wide x 1014" high W\ aterbury 
approximately 
416" deep, Conn. 
f the A. I, E. E. when writing to advertisers. 
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Generators 
25 to 25,000 Amperes 


Direct Connected to 


‘4 Motors 


ahhpon hat 


TWIN GENERATOR TYPE 
1 Greater Flexibility 
2 Higher Efficiency 
3 Floor Economy 
4 Lower Cost 


Write for Bulletin 114 


CHANDEYSSON ELECTRIC CO., St. Louis, U. S. A. 
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Generators 
25 to 25,000 Amperes 


Direct Connected to 


3) Motors 


20,000 Amprres 12 Vorts UNIT 


WEIGHT 85,600 POUNDS 
FABRICATED STEEL SUB-BASE 


CHANDEYSSON ELECTRIC CO., St. Louis, U.S, A. 
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my In many applications motors fail due to external conditions 
such as corrosive fumes, dust or moisture. Wagner makes a 

‘i complete line of enclosed motors cooled by a fast moving 
nT jacket of air produced by an external blower (in small 
sizes the blower is on one end, in the larger sizes on 

Ir both). In the illustration the casings are removed from 


one of the motors to show the position of the two blowers. 


Wagner motor advice is unbiased because Wagner 


makes every commercial type of alternating-current motor. 


Literature on Request 


WAGNER ELECTRIC CORPORATION 


6400 Plymouth Ave., St. Louis 


Sales and Service in 25 Principal Cities 


PRODUCTS See RAN S ea DES Kae eee WA Cel ee eC EIN 
TRANSFORMERS ... POWER... DISTRIBUTION . . ,. INSTRUMENT 
MOTORS .. . SINGLE-PHASE .. . POLYPHASE .. . DIRECT CURRENT 


61 7632-2 
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A NEW DESIGN 

OF AUTOMATIC 

SYNCHRONOUS 
MOTOR STARTERS 


SMALL compact unit, requiring a minimum 

amount of floorspace and headroom, is the fea- 
ture of this new design EC&M Automatic Starter for 
controlling a 1100 HP, 2300 volt synchronous motor- 
generator set. 


Although very compact for a reduced voltage com- 
pensator-type starter of such a large horsepower rat- 
ing, accessibility to all parts is in no way sacrificed. 
The compensator mechanism is arranged in two sec- 
tions, so that a minimum headroom is required to lift 
it out of the case. 


Likewise is the automatic field panel containing a 
graphic watthour meter and numerous protective 
features so designed that it may be tilted forward to 
permit easy access to the wiring on the back of the 
panel. 

Mines and similar places where a few inches in 


reduced headroom means a real saving appreciate the 
economy of these compact EC&M Automatic 


: The above illustrations show how 
Synchronous Motor Starters. Write to our nearest “capi one Hm pr ary Hee 3) 
branch office for a copy of the leaflet showing how lows the automatic field panel to 
= : be easily swung forward to permit 

many of these starters are installed in cramped and access to the wiring in the rear. 


isolated places. 


THE ELECTRIC CONTROLLER & MFG. CO. 
NEW YORK-50 CHURCHST. = (QUA VEL AND, OHIO ferrari ak BLDG 


CHICAGO-CONWAY BLDG ’ 
DETROIT~ DIME BANK BLDG. SAN FRANCISCO-CALL BUILDING 
BIRMINGHAM ~BROWN-MARX BLDG. LOS ANGELES- 912 E. THIRD ST. MONTREAL ~CASTLE BLDG 

CINCINNATI ~/=-NATIONAL BANK BLDG. HOUSTON — 1006 WASHINGTON AVE. TULSA~2i7E ARCHER ST 
DENVER-HITTREDGE BLDG TORONTO-REFORD BLDG SEAT TLE-ALASKA BLDG. 
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RECISION 


...H#s meaning 
and ifs commercial value .. . 


RECISION, as commonly used, is a term 

defining extreme refinement of dimension 
and finish. But as describing an outstanding 
quality of NORMA-HOFFMANN Precision 
Bearings, the word has‘\a far more compre- 
hensive meaning. 

To Norma-Hoffmann engineers and produc- 
tion men, Precision means the ultimate in 
dimensional refinement. Above and beyond 
this, however, it means bearing design worthy 
of expression in a finished product of this 
extreme refinement—selected materials well 
deserving of special treatments and of 
highly refined machining processes — stand- 
ards of production which permit no devia- 
tion from absolute uniformity, regardless of 
quantity. 

Precision, as thus described, is the foun- 
dation quality upon which the Norma- 
Hoffmann reputation rests, upon which its 


business has been built, and upon which it 
must continue to grow. 

But what does all this mean to the buyer and 
user of NORMA-HOFFMANN Precision 
Ball and Roller Bearings? What, in other 
words, is the commercial value of Precision? 

Briefly stated, Precision stands for that 
combination of qualities which manifests it- 
self in higher anti-friction efficiency, longer 
life, greater speedability, better performance, 
lower costs for replacements, increased pro- 
duction. These are the distinct and concrete ad- 
vantages which accrue to the user of VNORMA- 
HOFFMANN Precision Bearings. 

Obviously, Precision is costly to produce 
and to maintain. But it has been the uniform 


experience of those who have availed them- 


selves of its advantages, that its price is re- 
paid a hundred fold in the lower after-costs 
which inevitably follow. 


The long, varied experience of Norma-Hoffmann engineers is offered 
without obligation to machine users and builders facing bearing problems. 


NVKMA-HVFFM 


4 


PREUCISIVN BEARINGS 


NURMA-HVFFMANN BEARINGS COURPN.- STAMFORD CONN. U.S.A. 
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20 Horse Power Century Type SC 
Multi-Speed Constant Torque Squirrel Cage Induction 
3 and 2 Phase Motor 


MULTISPEED 


Constant Torque Motors 
Constant Horse Power Motors 
Variable Torque Motors 


Multiple speeds from a squirrel cage motor, with push button or 
drum control, offer a solution of many drive problems—among 
machine tools, woodworking machinery, mixers, blowers, stokers, 
conveyors, etc. 


They are built regularly for 2,3 and 4 speeds, with wide or narrow 
speed ranges like 1800-1200 or 1800-600 down to 900-450 r. p. m. 
(60 cycle). Special speed combinations available as described in 
bulletin 13-1. 


CENTURY ELECTRIC COMPANY 
1806 Pine St. St. Louis, Mo. 


40 U. S. and Canadian Stock Points and more than 75 outside thereof 


Papen RY? -K: E*EP A-RUNNING” 
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Speaking of severe — 
service— 


Allis-Chalmers Type 
“ARZ”? Totally-Enclosed 
Fan - Cooled Motor in- 
stalled in pit on mixer in 
iron foundry. 


An outdoor installation of Allis- 
Chalmers Type ‘‘ARZ’’? Motors 
driving cooling tower fans. Note 
steam surrounding motors. 


We are the “‘severe service’? jobs for motors in 
yf 


our plant? Wherever they are, and whatever the 
motor problem presented, there is an Allis-Chalmers 
Motor to efficiently handle it. 


The illustrations show some of the jobs the Allis-Chalmers 
Type ARZ Totally-Enclosed Fan-Cooled Motors are han- 
dling. 


The solid cast iron bearing housings are designed as com- 
plete enclosures in these motors. These housings carry 
the rotor and are fitted with apertures for taking air gap 
measurements. By means of this design the separately 
attached coil enclosing devices with their auxiliary seals 
are avoided. The grease-packed bearings are the only shaft 
seals against the interchange of inside and outside air. 


The stator windings and rotor and all parts subject to de- 
struction are thus sealed against the entrance of dirt or 
dust. é 


These Allis-Chalmers Totally-Enclosed Fan-Cooled Mo- 
tors will remove the ‘“‘grief”? from your motor operation 
where severe conditions exist. Maintenance becomes 
negligible and the uninterrupted service required in the 
modern industrial plant is assured. 


Auus-Cuautmers Mre. Company 


Milwaukee, Wis. 


Type ““ARZ”’ Motor driving an 
District Offices in all Principal Cities apron conveyor under a shake- 


out pit in a large steel mill. 


ERS MOTOR 
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Pattern 582 Split Core 
_ Transformer for use with _ 
~ Pattern 172 A.C. Amme- © 


et, illustrated at right. 


Transformer 


N the maintenance of plant electrical 
equipment;in the inspection of electrical 
products; in the design of electrical ap- 

paratus; and in the service of electrically operated 

machinery, reliable electrical testing instruments 
are the basis of scientific operation. 


The Jewell Line of Master Instruments in inter- 
mediate size bakelite cases of uniform dimensions 
meets every requirement of electrical testing. Their 
V4 of 1% accuracy guarantee is more than adequate 
for the great majority of uses. Their compact, uni- 
form size makes it easy to carry a complete group 
in a small case. 


No expense has been spared in making Jewell 


very Industrial Plant can a 
EWELL Master Instruments 


Masters the best intermediate size instru- 
ments that can be made. Yet, through the 
use of quantity production methods and die 
made parts that are completely interchangeable, 
Jewell Master Instruments come to you at a very 
moderate cost. 


Bakelite cases of uniform size; large scale openings 
protected by non-shatterable glass; long, hand- 
drawn scales; and knife-edge pointers of seamless 
aluminum, are features that suggest the quality 
of Jewell Master Portables. 


You should know all about Jewell Master Instru- 
ments. Ask the nearest Jewell Representative to 
tell you about them, or mail the coupon, today. 


The Jewell Electrical Instrument Company makes a complete 
line of high grade A. C. and D. C. instruments for every 
purpose, including switchboard instruments from 2 inches to 9 
inches in diameter, and portable instruments from small pocket 
sizes to laboratory precision standards. Catalog: sent on request. 


nS eS 
| Jewell Electrical Instrument Company 4 
1650 Walnut Street, Chicago, Illinois 
r I want to know about the most 
urse é the ; 
cue line of intermediate size instru’ s 
® ments. Mail your bulletin. | 


UE WA WE 


\| ™ 29 YEARS MAKING GOOD INSTRUMENTS ™ | 


s 
—= = ] PIO ooh ina cen nee eee ee 
(), PT a Saiful wall vamulll us Name---- | 


W compen nnn ire | 


a 
i" Address- 
Some 


aster Instruments 
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Laundry moisture and kitchen steam 
cannot impair Bakelite Insulation 


When the numerous labor-saving appliances 
were first developed, many manufacturers 
thought that an insulation material which 
would prevent current leakage met every 
reasonable requirement. The high cost of 
servicing quickly demonstrated the need for a 
dependable insulation, which would retain its 
dielectric and mechanical strength unimpaired 
by steam, moisture and long service. 


Leading manufacturers of irons, ironers, 
washers and dish washers have found the 
desired dependability in Bakelite Materials. 
From long experience, they know that these 


materials possess high insulation value and 
rugged mechanical strength. Exposure to 
dampness cannot cause Bakelite Insulation to 
swell or shrink, and through years of weather 
extremes it will not crack, split or crumble. 


Both Bakelite Molded and Bakelite Laminated 
are widely used for insulation purposes. 
Each of these Bakelite Materials possesses 
many distinct advantages for the manu- 
facturer of electrical appliances and devices. 
Our booklets 3M, ‘‘Bakelite Molded’? and 
3L, ‘‘Bakelite Laminated’’ are descriptive of 
these materials and their applications, and 
copies will be sent you upon request. 


BAKELITE CORPORATION 


247 Park Avenue, New York, N. Y. 
BAKELITE CORP. OF CANADA, LTD., 


REGISTERED 


Chicago Office, 635 West 22nd Street 
163 Dufferin Street, Toronto, Ont., Can. 


“U. S. PAT, OFF. 


THE MATERIAL OF \CY/ A THOUSAND USES 


“The registered Trade Mark and Symbol shown above may be used only on products made from materials 
manufactured by Bakelite Corporation Under the capital ‘‘B”’ is the numerical sign for infinity, or unlimited 
quantity. It symbolizes the infinite number of present and future uses of Bakelite Corporation's products."’ 
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Ie is significant that most 
improvements in the handling, packing, 
and shipping of fine wire and coils have 
found their origin in the Dudlo plant. 


Factory trays fitted with vertical pegs pro- 


The final buyer of your product wants quality. 
tect the spools from contact with each other, : ; mea ieee 
eee With this end in view, it is our purpose to see 
thus preventing any possibility of damage : i 3 aS 
: that your wire arrives in perfect condition. 

to the insulation. These trays are another 


No precaution on Dudlo’s part is too pains- 
Dudlo development. Pp Pp P 


taking when your interests as a manufacturer 


Spools are shipped in double-strength boxes, areanvolved: 


and are separated by heavy fibre-board par- 


titions forming an individual compartment Dudlo handling and packing methods are just 
for each tier. No possibility of damage in one more reason why Dudlo wire is the choice of 
transit. the country’s leading manufacturers. 


IUDLO 


DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA 


(By Se ot heer aay eee 7: Ones: Ga tp ee ated 1 CaSO 1b - & C6) fb 60 PR eee 
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=e 
ELECTRITE 


for 
| COMMUTATOR INSULATION 
A high gerade fibre board Faulty commutator insulation is the 
for electrical insulation. cause of a large percentage of motor and 


generator failures with the consequent loss 
of thousands of dollars annually in inter- 


A material of quality pos- rupted production. 
sessing high tensile and For this reason leading manufacturers 


e e in all lines of industry are vitally con- 
dielectric strength. cerned about the matter of insulation. 


For 30 years Micabond has been known 


for its uniform dependable quality—its 
Tested and approved by high dielectric strength—its resistance to 


the Underwriters’ Labora- heat—and its reliability under the most 
tories. severe conditions. 

Micabond has become the standard 
mica insulation and its use means the 
elimination of insulation failure and con- 


WEST VIRGINIA sequent shut-downs and losses. 
Write for further details or send your 
PULP & PAPER COMPANY specifications for samples and prices. 
230 Park Avenue 35 East Wacker Drive CHICAGO MICA COMPANY 


New York, N. Y. Chicago, Ill. 482 Campbell Street 
VALPARAISO INDIANA 


Pulp Products Department 


iz 
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INSULATORS 


made of 


LAVA 


Electrical appliance man- 
ufacturers have found in 
lava parts the solution of 
their problems of insula- 
tion. 


SANT \“S este 


q 
IR 
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FIBROC INSULATING PARTS 
READY FOR ASSEMBLY 


The Fibroc Insulation Company maintains a large 
battery of specially designed and equipped punch 
presses that quickly and economically supply Fibroc 
punched parts to meet practically any specification. 

Engineering and production departments of large 
electrical manufacturing plants quickly recognize the 
economy and production advantages of Fibroc Ready 
Punched and Inspected insulating parts. 

Recent exhaustive tests disclose the following Fibroc 
characteristics: 


1. High dielectric strength 600-1,100 
volts per mil. 

2. Chemically stable—unaffected by 
ordinary solvents. 

3. Non-hygroscopic, does not swell, 
warp or shrink. 

4. Great mechanical strength, com- 
pact and light in weight. 

5. Resists heat, constant 225° F. in- 
termittent up to 275° F. 


PUTT LULUULLLULGEELLLLLCCEULLCCEMULLOCOA LOCC LCCLOGOO LLCO UGC LLCO CLLUCe LULU LULL ULC lad 


Each part made to spe- 
cial design. The ma- 
terial strong in dielectric 
and heat resistant 
properties. 


AMERICAN 
LAVA CORPORATION 


‘27-67 Williamson Street 
CHATTANOOGA, TENN. 


Manufacturers of Heat Resistant Insulators 


Send your specifications or blue prints for 
samples and quotations. Our engineering 
department will be glad to work with you. 


FIBROC INSULATION COMPANY 
Licensed Bakelite Laminators since 1922 


510 Lincoln Ave. VALPARAISO, IND. 
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for A.B. See Elevator motors 


ERE in the heart of an elevator Super-Micanite plays 

an important part in assuring smooth, uninterrupted 
service. High dielectric strength and low surface leak- 
age so essential for this service, are characteristics of 
Super- Micanite that are unequalled in any other built up 
mica insulation. 


Super-Micanite has the added advantage of not slipping 
under temperatures and pressures encountered in com- 
mutator assembly. Firmer and better commutators result 
—a fact that Super-Micanite users are unanimous in 
acclaiming. 


Subject Super-Micanite to all the tests you consider essen- 
tial. We want you to be the judge. We will gladly furnish 


samples. 
MICA INSULATOR COMPANY 
New York: 200 Varick St. Chicago: 542 So. Dearborn St. 
Works: Schenectady, N. Y. London, England 


Cleveland Pittsburgh Cincinnati Birmingham Seattle San Francisco Los Angeles Toronto Montreal 


<< PERFECT 


Stier G Fectucak F MPIR . 


INSULATOR - ey  Y Gare War 
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eae Piece 


Magnet Wire All Insulations 
Coils—Magnet Wire Wound 
Varnished Insulations 


pe 


Parvolt Filter and By Pass Condensers 


All products made to Recognized Com- 
mercial Standards including those of: 
National Electric Mfrs. Assn. 
Radio Manufacturers Assn. 
American Society for Testing Materials 


For 25 years manufacturers and suppliers 
to the largest and most discriminating users. 


THE ACME WIRE CO. 


New Haven, Conn. 


Branch Offices 
New York 


52 Vanderbilt Ave. 


Cleveland 
Guardian Bldg. 
Chicago 
842 N. Michigan Ave. 


BITTTTOUOUUNUUUUUUUUUUUUUUUUUUOUUUUUUUUUTUUUUCUUUUUOUUUUUUUUUUNOUUUUUUUUTOONUCNCUUUTOOUUUOUUONOUUUUNOUUUOOUUUUIUULUUUUUUNCUUUOOOUCOUUUUOUULUUUUCUOUULOCCUUUOOU UCC UUCUOUUUCOUUUCTLCUUULLIULLUN DOLL LLU UeLLLL LLL LLLL LLL 


Le 


UUUUUUOEYUUUUOUOUOUOUUOOOOUUUUOUUUUUUUUOUOOOUUUOUOUUUOUOOUUUUUOUOUUU EEE 


STVTTTOUOTIOOOHTUCOTIUGTICCOTIUOTTCUGTCOOATICOILUUOMULOAICUMLLOGLLCUGT LOGE LUCE LUOUELUULOLUOLER OCGA LULGL LUCCA LOOoE cee Le 


4 
Fi 


Journal A. I. HE. E. 


Roebling 


Electrical Wires and Cables 


High in Conductivity 
and Reliability 


John A. Roeblings’ Sons Company 
Trenton, New Jersey 
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Automatic Starters Pressure Regulators 
Circuit Breakers Remote Switches 
Float Switches Speed Regulators 
Hand Starters Transfer Switches 
Magnet Switches Valve Control 


SUNDH ELECTRIC CoO., INC. 


Parkhurst St. at Ave. C 
NEWARK, N. J., U.S. A. 


Branch Offices or Sales Representatives in Principal Cities 


hues 
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Science Abstracts 


jae electrical engineers actively engaged in the practice of their pro- 
fession should subscribe to “Science Abstracts.” 


Published monthly by the Institution of Electrical Engineers, London, in associa- 
tion with the Physical Society of London, and with the cooperation of the American 
Institute of Electrical Engineers, the American Physical Society and the American 
Electrochemical Society, they constitute an invaluable reference library. 


Through “Science Abstracts’”’ engineers are enabled to keep in touch with engineer- 
ing progress throughout the world, as one hundred and sixty publications, in various 
languages, are regularly searched and abstracted. “Science Abstracts” are published 
in two sections, as follows: 


**A”,—PHYSICS—deals with electricity, magnetism, light, 
heat, sound, astronomy, chemical physics. 

**B’’—ELECTRICAL ENGINEERING—deals with electrical 
plant, power transmission, traction, lighting, tele- 


graphy, telephony, wireless telegraphy, prime movers, 
engineering materials, electrochemistry. 


Through special arrangement, members of the A.I.E.E. 
may subscribe to ‘‘Science Abstracts ’ at the reduced rate 
of $5.00 for each section, and $10 for both. Rates to non- 
members are $7.50 for each section and $12.50 for both. 


Subscriptions should start with the January issue. 
The first volume was issued in 1898. Back numbers are 
available, and further information regarding these can be 
obtained upon application to Institute headquarters. 


American Institute of Electrical Engineers 
33 West 39th Street, New York 
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le equipment and methods the 
Western Electric telephone cable 
plant of 1927 set the pace. But that 
didn’t satisfy the company’s manu- 
facturing engineers. They put the 
plant in the test tube of critical 
judgment—and they came out with 
something even better. 

It meant revising processes, re- 
designing machines, rebuilding a 


The old way. This machine 


for stranding cable was the best 
in the country, but— 
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we wasnt 


good enough 


factory which occupied sixteen huge 
structures. But it was worth it! 

Whether making cable or any of 
the 10,000 items of telephone ap- 
paratus, Western Electric seeks till it 
finds the better and more efficient 
and more economical way. As 
manufacturer for the Bell System 
this is its share in good telephone 
service. 


Western Ei lectric 


Western Electric engineers worked out a 
new way, stranding cable more quickly, MAKER'S OF YOUR TELEPHONE 


are safely, more economically. 
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For hard-to-get-ut_. [om 
1 ELECTRIC SPECIALTY CO. 

assemblies 

Self -tapping Screws 


are easier to use 


athan rivets “, ef? 


DEVELOP — 
PRODUCE — 


Tyrpp NA AIRPLANE GENERATOR 
Small Motors, Generators, Dynamotors, 
Motor Generators, Rotary Converters, Etc. 
FOR SPECIAL PURPOSES—Send Us Your Problems 
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= 222 South Street, STAMFORD, CONN., U.S.A. 

b= on, : d b | Sar tect aal iu \ndAleenianiaigicnnuaunuumiikianwnaennes eaateameeee 

lt: t 
WY fh ? an O S Xu 
HEET metal assemblies and : To .... . . Engineers z 
fastenings to sheet metal or =: Manufacturers « Inventors - 
slate, aluminum, die castings, ebony = We possess exceptional facilities for doing your = 
asbestos, Bakelite, etc., are easily = exponent se ae models, dies, tools in- = 
: = struments, light machinery ... general manu- = 
made in unhandy and hard-to-get-at = facturing ... inventions developed. Customer’s = 
places with Hardened Self-tapping = supervision. in machine shop permitted. Over = 
Sh M 1s No f bli = thirty years’ specialized experience. Clients = 
eet etal screws. oO tumbUNEg 3 include Bell Telephone Laboratories, All-America 2 
with nuts or washers. No tapping. = Cables, Inc., and other well known organizations. = 
No riveting. = MANUFACTURERS’ & INVENTORS’ ELECTRIC Co. 2 
Just turn a Self-tapping Screw into = ane Wee Beinn Notice 2 
a drilled or pierced hole with a screw = (Smith Building at Franklin St.) = 
driver—from the outside. One man = Tel. Walker 8687-8688 . Cable Address ‘‘MANDIELECO” = 
; TMM 

can do the job. 
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As the Screw is turned in, it taps its 
own thread in the material, drawing 


The Pioneer Manufacturer 
the sections firmly together. 


= of 
Scores of prominent electrical manu- : 
facturers have tested these Screws Interpole & Ball Bearing 
and adopted them because they M otors 


proved to be the easiest, quickest 
and cheapest means of making secure 
fastenings. Self-tapping Screws hold 
under vibration and severe service 
conditions. 


4 to 1000 H. P. D.C. and A.C. 


Write for free samples of Self-tapping 
Screws. Test them on your own 
work—see what these unique Screws 
will save you in: time, labor and 
money. Send us a brief description 
of your assembly so that we can 
provide proper samples for a test. 


PARKER-KALON CORPORATION 
198 Varick Street New York, N. Y. 


Distributed in Canada by 
Aikenhead Hdw., Lid., 19-21 Temperance St., Toronto 


Type ‘‘S’’ Ball Bearing Motor - 


ELECTRO DYNAMIC COMPANY 


Manufacturers of Ball Bearing Motors Since 1904 
BAYONNE, N. J. 


Sales Offices in Principal Cities 


“Quality for Half a Century” 
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Pack them together—bunch them as much as 
you like—Shakeproof Lock Washers can’t link 
or tangle. Manufacturers are finding that the 
time saved in this one feature alone oftentimes 
pays their entire washer bill. Speed up your 
Shake- 
designed to prevent 


produciion line—stop delays—adopt 
proof Lock Washers, 
linking. 


ULTIPLE 
LOCKING 


Twisted teeth of steel set around the circum- 
ference of the washer. Tighten down the nut 
and each tooth bites in with a grip of steel— 


they can’t let go. For sure locking demand 
Shakeproof. 


PREADPROOF 


No matter how much pressure is applied you 
just can’t spread a Shakeproof Lock Washer. 
This eliminates breaking of washers, too, and 
saves you time and money. With its multiple 
advantages, it is no wonder that manufacturers, 
large and small alike, the country over are 
adopting Shakeproof, 


RODUCTION 
SPEED 


Slip them onto the bolt as fast as the hand can 
move. Easy to handle—just as easy to apply. 
Shakeproof will win new friends in your pro- 
duction department and speed up their work 
for you, 


The roll call of American manu- 
facturers is the roll call of Shakeproof 
users. Pick any car on the road— 
the radio in your home—the cash 
register in your neighborhood store— 
the vacuum cleaner your wife uses— 
the typewriter on your stenographer’s 
desk—it is a hundred to one they are 
all locked with Shakeproof. 
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U.S. Patents 
1,419,564; 1,604,122; 
1,697,954. Other 
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Patents Pending. 
Foreign Patent. 
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Type 20 Terminal 


FREE SHOP TEST SAMPLES 

SHAKEPROOF LOCK WASHER CO. 
2517 North Keeler Ave., Chicago, II. C] 
Please send me samples of 


Shakeproof Locking 
Terminals Size 


Shakeproof Lock 
Washers to fit bolt size 


Town, 


SHAKEPROOF Lock Washer Company 


Please mention the JOURNAL of the A. I. E. I 


2517 North Keeler Avenue Chicago, IHiinois 


when writing to advertisers 
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HAMPION SWITCH CQ 


ENOVA: (ecroson W. 


ae CREMEION a , 


SWITCHES “BUS  Subpuers 


HEAVY DUTY OUTDOOR and INDOOR EQUIPMENT 
CATALOGUES UPON REQUEST 
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INSULATORS 
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PORCELAIN INSULATORS 
LINE HARDWARE 
WIRING PORCELAINS 
and 


Porcelain Specialties 
—_+ ¢#—_. 
An American Standard since ’73 


CANADIAN PORCELAIN CO., Ltd. 
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Hamilton—Ontario—Canada 
Quebec District Office London Office 
Chicago” 612 Transportation Bldg. 343 Abbey House: <= Victoria Street 
Montreal, Qu. London, S. W. 


Z 
E amMTTPTUUUTUUUITTUUUTTOUUUTUUUUUTCUUUTUUUULOLUTULUUOUELUTCULUUULLACOLLCIOULCUUUUDCIUOLUUOULCIUULLAUOCLUICULUOOUUTULLCTOCUUOUUUCOOULUTOOUU OOOO LUPO UU U =i aio Sep ie ea ela 


STTTTTTLIUUUUUELCOULTOUOIATILILUULOCTELOOOORTEUULLLLLLLLLLLUGLLLULLLLLLLLCLLGLEEELCLLLLLLLLLLLLGGLEELLLLLLLLLLLLLeeeLLLLLLLLLLLLLLLGLCCLLLLLLLLLG cece -LLLLLLLLLeG Loe LLLLLLLLLo boo o cd 


T. M. REG. U.S. PAT. OFF. 


EX 


‘A -MARK: OF CORNING GLASS WORKS 


INDUSTRIAL WARE 
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The transparency of Hemingray Glass Insulators 
makes line inspection very simple. The lineman 
can tell at a glance whether the insulator is intact or not. 
Hemingray insulators are mechanic. ally and dielectrically 
dependable, non-porous and uniform in structure. They 
defy moisture and age. 


Send for Bulletin No.1. 
HEMINGRAY GLASS COMPANY 


uncie, Indiana 


Write for literature 


CORNING GLASS WORKS 


Dept. 61, Industrial and Laboratory Division 
CORNING, N. Y. 


EAUTTVVTUHTHULLULOLULEAAHARLLLLLULULUUOORARLLLUULLUGOUAOAELLUUUUUCOOTTRALUUCCCOUOUOOOOOOUUUUUULOUOGUAATOULLUUOUUOUAMOOA UU LUCLOCOt DE Le 


BeTUUTTTLIUUUHHTTTUUUOTTLLIUUUTTLILUUGATLUULUTLLULUIAULILOGETLLLULEEEELUCCeGLLLGCCGELUCCCeeE LLC 


SPHdNMNNNNUNNNNVQVNVNUNNUNNN040N00N00040000000000 0000000000000 0 0000000000 0000000NOOOOOOOOOQQOOQOOOOOQOOOOQOOOQQQOOOOOQOQOQOOO00Q000000000 000000000000 0000 000000000 0000000000000 00 00000000 0O0OHO0OOOO0ON 


Reconditioned and Tested A.I.E.E. Standard 


5,000 Transformers ready for shipment—at low prices 


Every one a safe buy for the most strenuous service. are our regular customers. We satisfy the users. 
Sizes range from | to 1,000 kva.—voltages from 110 to The savings are between 30 and 60 per cent. Ask 
66,000. Modern equipment that has no superior. your electrical engineer to inspect our shop and testing 


Many nationally prominent public utility companies laboratory. Send for our free Monthly Bulletin. 


WE BUY MODERN TYPE TRANSFORMERS—ANY SIZE—ANY QUANTITY 


ae FLECTRIC SERVICE. CO.“ 


_ Americas Used Transformer Clearing House 
212 Walnut Street Cincinnati Ohio 
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How They Stand Up! 


NDER salt spray deposition, eight Lapp Fog 

Type Suspension Units hold in while 12 or 
more standard 10-inch units flash over. This 
superiority is due to difference in design. And 
these designs are made possible by Lapp Vacuum 
Process porcelain (patented). 


As on all Lapp Suspension Insulators, the metal 
parts are drop-forged copper-bearing steel, ex- 
cellently hot-dip galvanized. 


Lapp Fog Type Insulators are carrying 220,000 
volts for Southern California Edison Company. 
At the other extreme, they are now setting new 
standards in telegraph service. Lapp Fog Types 
can probably cite cures under conditions similar 
to those now menacing your own operations. 


Their short petticoats reduce breakage. Cleaning is 
required only under the most exceptional condi- 
tions. Per year of service, they cost less than stand- 
ard types, while initial cost is only slightly higher. 


Lapp Insulators reduce maintenance costs 


ETT = 


LAS 


Lapp Fog Type Suspension JIusulator, 
No. 5805. Test voltage, 116,000. Mini- 
mum Mechanical and M. & E. strength 
12,000lbs. Flashover wet and dry much 
higher instrings than standard 10" units. 
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Inlet for liquid clay 


29 Inches 
or more? 


for me 
of vacuum 


De-aerated 
liquid Clay - 


Here’s a diagram of the Lapp 
Vacuum Process (patented). 
Mechanical and dieleciric 
faults are usually due to air oc- 
cluded in the liquid clay — 
“slip.” The Vacuum Process 
actually boils the air right out. 
The resulting porcelain has 
unique homogeneity and per- 
manence. 


Na 
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ADVERTISING SECTION Journal A. I. HE. E. 


Principal A. I. E. E. Publications 


JOURNAL. Published monthly. 


An engineering periodical containing in full or in abstract engineering and theoretical papers as 
presented before meetings of the Institute and its Sections and Branches; descriptions of new develop- 
ments characterized by notable advances, and items relating to the activities of the Institute and other 
organizations. 

Subscription price $10.00 per year. Agents, publishers and dealers are allowed 20 per cent dis- 
count; a special discount of 50 per cent is allowed on single subscriptions received directly from college 
or public libraries. Postage to Canada on annual subscription $0.50 additional, and to foreign coun- 
tries, $1.00. (Postage should not be included when computing discounts). 


JOURNAL BINDERS. A loose leaf binder, especially designed for the JourNAL of the A. I. EK. E. 
is now available. The new binder is attractively finished in a long-wearing, processed material, 
resembling brown leather. From one to six copies of the JouRNAL can be inserted. The name of 
the publication is embossed in gold on the front cover and backbone. The binders are sold in sets 
of two at $2.25 or $1.25 for one. 


TRANSACTIONS. Published quarterly. 


Contains such of the technical papers and reports published by the Institute in the JOURNAL 
and elsewhere as are selected and authorized by the Publication Committee; also the discussions on 
the technical papers. The Transactions form a permanent record of the progress of electrical 
engineering. 

The subscription price to A. I. E. E. members is $2.00 per year for pamphlet binding and $4.00 
for cloth binding. To non-members the cost is $10.00 per year for pamphlet binding, and $12.00 for 
cloth binding. 

Available volumes of the Transactions published prior to 1921 may be obtained at reduced 
prices. The volumes in stock and prices will be supplied upon request. 

Discounts allowed on the current volume are as follows: 20 per cent to publishers and subscrip- 
tion agents 50 per cent to college and public libraries upon direct subscription to Institute headquarters. 


INDEX TO TRANSACTIONS. Published every ten years. Vol. III of the Transactions 
Index (Jan. 1, 1911 to Jan 1, 1922) is a practical bibliography (168 pp.) of all A. I. E. E. papers and 
discussions printed during the period 1911-1922. Price to members and non-members $2.00, with 
dealers’ discount of 20 per cent. 


A. I. E. E. STANDARDS. : 


The work of revision of the A. I. E. E. Standards which has been in progress for several years has 
now reached a stage where a large number of sections of the Standards have been approved by the 
Board of Directors and are available in pamphlet form, as follows: 

1—General Principles Upon Which Temperature Limits are Based in the Rating of Electrical 
Machinery, ($.20); 4—Measurement of Test Voltages in Dielectric Tests, (.30); 5—Direct-Current 
Generators and Motors and Direct-Current Commutator Machines in General, (.40); 7—Alter- 
nators, Synchronous Motors and Synchronous Machines in General, (.40); *8—Synchronous 
Converters, (.40); 9—Induction Motors and Induction Machines in General, (.40); 10—Direct- 
Current and Alternating-Current Fractional Horse Power Motors, (.30); *11—Railway Motors, (.30); 
13—Transformers, Induction Regulators and Reactors, (.40); *14—Instrument Transformers, (.30); 
*15—Industrial Control Apparatus, (.40); *16—Railway Control and Mine Locomotive Control 
Apparatus, (.40); *17f—Mathematical Symbols, (.30):*17¢1—Letter Symbols for Electrical Quantities, 
(.20); 17g6—Graphical Symbols for Telephone and Telegraph Use, (.20); 19—Oil Circuit Breakers, 
(.380); 22—Disconnecting and Horn Gap Switches, (.30); 26—Automatice Stations, (.30); 30—Wires 
and Cables, (.40); 33—Electrical Measuring Instruments, (.30); 34—Telegraphy and Telephony, 
(.30); *36—Storage Batteries, (.20); *37—Illumination, (.30); 388—Electric Are Welding Apparatus, 
(.40); 39—Electric Resistance Welding Apparatus, (.30); 41—Insulators, (.30); *42—Symbols for 
Electrical Equipment of Buildings, (.20); 45—Recommended Practise for Electrical Installations on 
Shipboard, (1.50); *46—Hard Drawn Aluminum Conductors, (.20); *60—Specifications for Tinned 
Soft or Annealed Copper Wire; *61—Specifications for Soft or Annealed Copper Wire, (No. 60 and 
61 published as one pamphlet), (.30); *63—Specifications for 30 Per Cent Rubber Insulation for Wire 
and Cable for General Purposes, (.30); *69—Specifications for Cotton Covered Round Copper Magnet 
Wire; *70—Specifications for Silk Covered Round Copper Magnet Wire; *71—Specifications for 
Enameled Round Copper Magnet Wire, (No. 69, 70 and 71 published as one pamphlet), (.30). 
* Approved as American Standard. 

A discount of 50% is allowed to Institute members. . Numbers of the Standards Sections should 
be given when ordering. 

NEW STANDARDS BINDERS. A new and different binder is now available which will hold 
all the present Standards pamphlets and reports, and still have room for additional sections.. Price 


YEAR BOOK OF THE A. I. E. E. 


A directory, published annually in March, of the membership of the A. I. E. E. Gives in alpha- 
betical order, the names, occupations and addresses of all members. The membership is also listed 
in geographical order. The Year Book contains general information regarding the scope and 
activities of the Institute, including the Constitution and By-Laws, lists of Sections and Branches, 
the various committees, governing body, ete. Single copies will be supplied to members without 
charge upon application. 


American Institute of Electrical kingineers 
33 West Thirty-ninth Street, New York, N. Nes 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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The Condit D-Line 


ceape? for 
Dependability \ 


Inverted laminated brushes; excep- 
tionally heavy arcing contacts de- 
signed to minimize arcing; massive, 
rigid frames; deeper tank per pole 
construction; oversize one-piece 
wet-process porcelain bushings— 
the Condit Type D Oil Circuit Break- 
ers have everything for safe, de- 
pendable, efficient service. 
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CONDIT ELECTRICAL MFG. CORPORATION 


Manufacturers of Electrical Protective Devices 


BOSTON, MASS. 
Northern Electric Company 


LIMITED 
Distributor for the Dominion of Canada 


SPECIFICATIONS: 1200 amperes or less, 15,000 volts; 1600 amperes, 7500 volts; estimated interrupting capacity at 15,000 
volts. Type D-123, 2500 amperes. Type D-118, 3500 amperes. Type D-128, 5000 amperes. Type D-117, 5000 amperes. Type 


D-127, 7000 amperes. 
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your transmission lines with 
“COPPERWELD” ‘ 
Overhead Ground Wire 


Copperweld Steel Company 


Glassport, Penna. 


UTTVUTRTRETUTTATETTEUT LET LCCU AL 


Ve, 
a Improve the reliability of 
7A 
a 


VEUITHHDEOREOUUUOUOTBEUOOOQUUOUONUNOQQOOOQQOOUOUOOOOQOOQQOOUQOOQQUONNONNE 


iH 


ETOUILLLULLLLLLLLLLLLLULLLLLLLLLLLLLLLLLLLLLLLLLLCLLL LLL eeeaceeeeCGOLeCeLOCLGCOLOOCOOCCCOCCCOCCCUULGOCCUUCULOOCUUUUOOCUUUUUOUUUOERLUUOOCOOOCOLUUUEOLCOLUPOCOEPLEOELECLUUELEUEELLPLCEL LLC 


q 


Hee TTT TL MLLLLLILUULLLLLLLLLLLLCLLLLLLALAcEAGeeGeeLeeGeSSUOLUOGALOGCGROLOOECLOGELCCUCLGLOUUUUUCCOGCUOUUCOCCOLCUCCLOCUCUCUCCLECOUOCUCROCOCOROUUUUUORCUUUUUUUUCLUOLLLULUOLL OULD a 


BURKE 


Positive Grip 
Connectors 


HANNA HANNUUHUTU 
UYU LULT LEAT 


The only connector 
which can be 
partially assembled 
on the ground. 


Made from high 
conductivity copper 
Tobin Bronze or 
Monel Metal Bolts. 
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Bulletin on Request. 


BURKE ELECTRIC CO. 
ERIE, PA. 


Offices in Principal Cities = 
= Pacific Coast—JONES-LYMAN, INC., San Francisco, Los Angeles = 
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four bolts 
three tons 


NTENDED to grip and connect 14” 

IPS Copper Tube this Burndy Clamp 
T-Connector has held a suspended weight 
of 6100 pounds. How was it done? By 
correct design and proper materials; for 
the pressure of Everdur bolts on a similar 
connector has produced a contacting 
pressure of 20 tons! Would you like to 
examine the test reports? 


PUTT LLL ELLUM ELLLLELLLLL ULLRICH MMMM TT 


Other interesting test reports are shown 
on pages 15 and 16 of ‘‘The High Tension 
Bus’’ Catalog of 


BURNDY 


10 EAST 43r0 STREET - NEW YORK 
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Insulator Clamps 
Copper Fittings 
Splicing Sleeves 
Disconnects 
Choke Coils 
Fuse Mountings 
Substation Combinations 
Air Break Switches 
Bus Supports 


Memco builds = 
thisequipment = 
in all standard 2 
and special = 
slzes—ask for E 

= 

= 
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bulletins of in- 
terest to you, 


Memco Engineering & Manufacturing Company, Inc- = 
381 Hamilton Street, Long Island City, N. Y. = 
= 
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KEARNEY 


Manufacturers of 


HQUUUUUNHT UTE PAHUUH LEE 
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Screw Anchors; Hi-Tension 4-in-1 Expansion An- 
chors; Solderless Service Connectors; Double Duty 
Fuse Cutouts; 7500, 12,000 and 15,000 volt Fuse, Dis- 
connect and Fuse-Choke Coil Switching Equipment; 
Fuse Pullers; Plug Cutouts; Guy Wire Clips; Sleeve 


Twisters with Interchangeable Dies; Hot Tap Clamps; 
Yokes; Economy Cable Clamps; Live Line Mainten- 
ance Tools and Accessories, previously Tip’s Tools. 


A Complete Catalog Will be Sent on Request 
JAMES R. KEARNEY CORPORATION 


4220 Clayton Avenue + ST. LOUIS, MO. 
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TERMINAL DEVICES 


POTHEADS 


UNDERGROUND 
CABLE BOXES 


AUTOMATIC 
TRANSFER SWITCHES 


OIL and AIR BREAK 


DISCONNECTS 
SERIES CUTOUTS 
GROUND PIPE CAPS 
CONDUIT BELLS 
CABLE HEADS 
CABLE COUPLINGS 
CABLE SUPPORTS 
INSULATING SLEEVES 
INSULATING COMPOUND 


By concentrating on cable terminal devices for twenty - 


five years The G & W Electric Specialty Co. has developed 


many practical designs which have been widely accepted. 


Why not benefit from this experience and concentration? 


LET US KNOW WHAT YOU WANT 


CFASB LIE wte ESR Mole NVA Ls DeELV tC ES 


G2QW Electric Specialty Co. 
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CONDUITS ARE UNNECESSARY IF 


CONDEX 
PARK CABLE 


IS USED 


CONDEX Park Cable eliminates the neces- originated by us and during the past few 


sity cf outside conduits and other methods of 


protection. 


The feature of this type of cable is a 
specially constructed steel tape armor which 


years has met with the approval of public 
utility engineers throughout the United 
States. 


CONDEX Park Cable is ideal on series 


offers unusual resistance to crushing and 


lighting circuits for municipal street lighting, 
protects against outside disturbances. 


white way installations, and for park or play- 


As the steel tape is applied over the lead ground illuminating systems. 


sheath it overlaps and interlocks, forming a 
flexible conduit. This type of protection was 


Further information, a sample and prices 
will be sent on request. 


SIMPLEX WIRE & CABIE 


MANUFAGTURERS 
201 DEVONSHIRE ST., BOSTON 
BRANCH SALES OFFICES 
CHICAGO, 564 W. Monroe St. SAN FR ANCISCO, 390 Fourth St. 
NEW YORK, 1328 B’way CLEVELAND, 2019 Union Trust Bldg. 
JACKSONVILLE, 1010 Barnett Nat'l Bank Bldg. 


Please mention the JOURNAL of the A. I. E. I 
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Cambridge Magnet Tester 


Model One 
D.C. Precision 
Instrument. 


Can we throw some light 
on your problems? 


O single swallow makes a summer—nor does a single 
instrument go farther than a candle’s feeble glow 
to lighten the problems of Electrical Development. 


any model or range. The 
most complete description possible would fail to convey a 
full conception of its probable uses. The needs of electri- 


‘Take any Weston Instrument 


cal measurement are too numerous and varied for even an 
attempt at classification with respect to the application of 
a single instrument or, for that matter, Weston’s complete 
line of instruments. 


It is a case where the mountain should come to Moham- 
med! For more than forty years the Electrical Industry 
has come to Weston for the solution of its measurement 
problems. With the tremendous increase in scientific de- 
velopments, involving the use of new instruments and 
special requirements as to design, electrical characteristics 
and ranges, it is becoming a problem in itself to sense the 
exact needs in all branches of industry. 


But Weston research, manufacturing and consultation 
facilities are available to all. Engineering and sales rep- 
resentation in all the principal cities of the world affords 
convenient points of contact with instrument headquar- 
ters, so that your problems can be brought to us for study 
and solution. If the abridged listing in our catalog dees 
not cover the instruments you require, we shall be glad 
to receive your communication and will give it prompt 
attention. 


PIONEERS 


_i@x SINCE 1888 
INSTRUMENTS 


WESTON ELECTRICAL INSTRUMENT CORP. 
584 Frelinghuysen Avenue Newark, N. J. 


Size 
S’x 7x7” 
Weight 
11% lbs. 


i BALLISTIC, suspended coil galvanometer, used 
in conjunction with an exploring coil, for the 
testing of magnets of any kind. Its indications are de- 
termined solely by the total discharge through the coil, 
_ regardless of the speed of discharge. 


With this, robust but sensitive instrument, measure- 
ments may be made of 


1. Strength of Magnetic Field 

2. Pole strength and distribution of 
magnetism in a bar magnet 

3. Determination of B.H. curve in 
samples of iron 

4. Coefficient of mutual induction in a 
pair of coils 

5. Discharge through a _ non-inductive 
shunt 

Fully described in List No. 167 


CAMBRIDGE 


Pioneer Manufacturers of Precision Instruments 
3510 Grand Central Term., New York 
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Standard-Signal Generator 


The Type 408-B Standard-Signal Generator 
is a calibrated oscillator for delivering known 
radio-frequency voltages which are localized 
between two terminals. Its principal use is in 
measuring radio field intensity (field strength) 
and in taking sensitivity, selectivity, and fidelity 
characteristics on radio receivers. It may beused 
either with or without modulation; a 400-cycle 
modulating oscillator is contained in the in- 
strument and there is provision for supplying 
modulating voltages from an external oscillator. 

Its range is from 500 to 1500 kilocycles, but 
others can be built to cover other bands on 
special order. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical and Radio Laboratory Apparatus 
30 State Street CAMBRIDGE, MASSACHUSETTS 
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A New Oil Circuit Breaker 


SPEED 


These new breakers 
have the elements you 
know, by experience, 
are essential—speed of 
operation, good me- 
chanical design, high 
electrical and mechan- 
ical strength. Why 
not investigate and if 
favorably impressed— 
buy a few. 


WE INVITE YOU 


For years leading 
public utilities have 
used DELTA-STAR 
outdoor substations and 
air break switching 
equipment with inter- 
changeable parts. Now 
we iiivite you to send an 
engineer to inspect this 
latest UNIT TYPE 
product. 


For Canada: For Canada: 
MONARCH ELECTRIC, UNIT TYRE MONARCH ELECTRIC, 
ETD! LTD. 


St. Johns, Que. me) IPM ENT St. Johns, Que. 
DELTA-STAR ELECTRIC COMPANY, 2400 BLOCK,FULTON ST, CHICAGO, ILLINOIS. 


Insthuments 


Grcuit Breakers aradaon 


ELECTROSTA LIC 
CONDENSERS 


eee COMPANY for All Purposes 


lectrical Measuring and Protective Apparatus | 


, 
MAIN OFFICE: Op WORKS: A ae, 
12 Park Place, NEW YORK <a Bethlehem, Penna. f x 


Offices in Principal Cities in U. S. and Canada 
Representatives in Australia, Cuba, Japan and Philippine Islands 
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COMPLETE SWITCHING EQUIPMENT 


OIL CIRCUIT BREAKERS STEEL STRUCTURES 
AIR BREAK SWITCHES FUSE CUTOUTS 
FUSES CHOKE COILS 


TT TELTETTTTETTOTRTT CERCA ECUOH 


The Accepted Standard 
for Exacting Service as well as 
General Application on 
Land and Sea and 
in the Air 


WIRDGLESS SPECIALI 
APPARATUS COMPANY 


Est. 1907 
Jamaica Plain Boston 
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5815 THIRD STREET, SAN FRANCISCO, CALIF. 
G Os Representatives in Principal Citte 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in the Fields of Engineering, and Related Arts and Sciences 


AMBURSEN DAMS N. J. NEALL 
Hydroelectric Developments DAVID V. FENNESSY ; 
Water Supply and Irrigation Dams ae Engineer 
or 
pene NS ed oO OS i Soe Consulting Power Engineer Electrical and Industrial Properties 
AMBURSEN CONSTRUCTION CO. 
Grand C Mapes ak N York 12 Pearl Street 100 Broadway 
Tan entra erminal, ew ror 
Kaneas City: Mo: Adaata Ga. MILLS BUILDING EL PASO, TEXAS BOSTON, MASS NEW YORK CITY 
W. S. BARSTOW & COMPANY FORD, BACON & DAVIS NEILER, RICH & CO. 
Incorporated : ; 
: : , Incorporated Electrical and Mechanical 
Engineering Design Brvivecrs 
Construction ENGINEERS g 
Consulting, Designing and 
50 Pine Street, New York SUG Brea Uwe yy atew 2 oom Supervising 
412 Washington St., Reading, Pa. Philadelphia Chicago San Francisco 431 So. Dearborn St. — — — Chicago 


BATTEY & KIPP 
Incorporated FRANK F. FOWLE & CO. To appear in the following 


ENGINEERS issue, cards must be re- 


Complete Industrial Plants ceived not later than the 
Power Plants & Electrical Installations 


Electrical and Mechanical 
Engineers 


Engineering Reports, Analyses & Appraisals ‘ 20th day of the month. 
MONADNOCK BUILDING CHICAGO 


231 South LaSalle Street CHICAGO 


OPHULS & HILL, INC. 


ENGINEERS AND CONSTRUCTORS 


BLACK & VEATCH FREYN ENGINEERING COMPANY 


Consulting Engineers Industrial Electric Power 
Generation—A pplication—Purchase 


Water, Steam and Electric Power Investiga- Steam Generating and Electric Power Plants 


tions, Design, Supervision of Construction, Combustion Engineering Ice Making and Refrigerating Plants 
Valuation and Tests. Electric Furnace Installations 112 WEST 42nd ST 
Mutual Building KANSAS CITY, MO. 310 South Michigan Ave. CHICAGO NEW YORK CITY 
ROBERT C. BURT, E. E., Ph. D. HOOSIER ENGINEERING Co. FARLEY OSGOOD 
DONALD H. LOUGHRIDGE, Ph.D. Erectors of Consultant 
Consulting Physicists Transmission Lines and Substations Design, peal pe ete 
Designers and Makers of ~ 100 W. Monroe Street of 
Scientific Instruments CHICAGO i hscarin ees Rs, 
PASADENA NEW YORK INDIANAPOLIS Si Nassae Sirect New Yak NY 
327 So. Michigan Ave. California 31 Nassau Street 5 E. Market Street Tel.: Rector 7878 Cable Address: Fargood 
Dugald C. Jackson 
BYLLESBY eae es G. R. SACKMAN, M. E 
ENGINEERING AND MANAGEMENT N MORELAND Assoc. A. I.E. E. 
CORPORATION JACKSO & O Counsellor at Law 
231 S. La Salle Street CONSULTING ENGINEERS PATENT ATTORNEY 
CHICAGO 
New York San Francisco 31 St. James Ave. Boston, Mass. Seon eae Pe cate a 
EDWARD E. CLEMENT SANDERSON & PORTER 
5 ROBERT S. KRUSE 
ellow A. I. E. E. ENGINEERS 
Attorney and Expert Consultant for Radio 


PUBLIC UTILITIES & INDUSTRIALS 


Design Construction Management 
Examinations Reports Valuations 


in Patent Causes 


ee ; Stations and Manufacturers 
Soliciting, Consultation, Reports, 
Opinions 
McLachlen Bldg. Washington, D.C. 
700 10th St., N. W. 


103 Meadowbrook Road Telephone 
West Hartford, Conn. Hartford 4-5327 Chicago New York 


San Francisco 


When you require technical advice 


Or a solution to an engineering problem —— 
CONSULT THIS DIRECTORY 
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For Consultants in the Fields of Engineering, and Related Arts and Sciences 


SARGENT & LUNDY 


Incorporated 


Mechanical and Electrical 
Engineers 


1412 Edison Bldg., 72 West Adams Street 
CHICAGO ILLINOIS 


SCOFIELD ENGINEERING Co. 
CONSULTING ENGINEERS 
Utility and Industrial Plants 


Design, Construction, Operation 
Valuations and Appraisals 


PHILADELPHIA 


JOHN A. STEVENS, INC. 


Established 1909 


CONSULTING ENGINEERS 


Paper Mills 
Surveys 


Power Plants 
Dye Houses 


STEVENS & WOOD 


INCORPORATED 


Engineers and Constructors 


60 JOHN STREET, NEW YORK 


Youngstown, O. Jackson, Mich. 
Chicago, IIl. 


STOCKBRIDGE & BORST 


Patent Law 


41 PARK ROW NEW YORK CITY 


STONE & WEBSTER 
Incorporated 
DESIGN AND CONSTRUCTION 
EXAMINATIONS REPORTS 
APPRAISALS 
INDUSTRIAL AND PUBLIC SERVICE 
PROPERTIES 


PERCY H. THOMAS 
Consulting Engineer 
ELECTRIC POWER 


Generation—Transmission 
Applications 
120 BROADWAY 


| PROFESSIONAL ENGINEERING DIRECTORY 


NEW YORK 


THE J. G. WHITE 
ENGINEERING CORPORATION 


Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants 
Transmission Systems, Hotels, Apartments, 
Offices and Indusirial Buildings, Railroads 


42 EXCHANGE PLACE NEW YORK 


J. G. WRAY & CO. 


Engineers 
J. G. Wray, Fellow A.I.E.E. Cyrus G. Hill 


Utilities and Industrial Properties 
Appraisals Construction Rate Surveys 
Plans Organizations Estimates 
Financial Iavestigations Management 
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LOWELL, MASSACHUSETTS 


New York Boston Chicago 


2130 Bankers Bldg., Chicago 


OUR CARD in each issue of this publication—12 times a 
year, will keep your name and specialized service con- 
stantly before the electrical indusiry. 
Qualified advertisers in the Professional 
Directory are invited to send for rates. 


Engineering 


er TTTTTITI LU TTTTTITTTILLLLLLLLLLMTCLLUUULLLLLUGLOOAEATUUUUUUULLULLUMAUCCULULULLLLLLLLCLLOcGeRLULULLLULLLLULECOcUUUUUUCLLLLLLLLLLLe eee LLLLLLLLLLCLU ccc UUCeUUULLLULLLLLDLC ccc 


HUNAN NNNNNA00U NNN 


TT 


EITM UOUUUOOUUUOOUULUIUUULIIUUUNOUTUUUUUOLCUUUUUUOUOUUOOUUULOUUUUOUO UOT NUON NTU OUUUOUUUTTOTNOUUUNUO TU NUUUUUUUUDUUUTOU UNTO UOUUTTTOUTNUUU POU NOUONUUUTOUITNULTOUUUOUUUTUUU OULU UUOUTNUULOUUU OULU ULC LCOOULC ULL UOULLO ULL LLLL LULU TULL TULLUL LEE ULL OULU LL LLL ULL 
UM 
= ELECTRICAL Inspections — Tests — Research S 
= Tests may be used by the purchaser for the following purposes: = 
= TESTING (1) To determine the quality of competing samples. This enables the purchase = 
= of the best quality for the money. = 
= I A BORATORIES (2) To make sure that shipments comply with specifications. This makes possible = 
= the assurance to the customer that shipments match buying samples. = 
= 80th Street and East End Ave. (3) To furnish an impartial decision in case of disputes between purchaser and = = 
= manufacturer. = 

NEW YORK = 


Testing places the whole buying problem on a sound basis. 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


WALTER V. BROWN, Manager 
31 West 39th Street, New York City 
Chicago Office: 205 W. Wacker Drive San Francisco Office: 57 Post Street 
UNDER THE AUSPICES OF 


American Institute of Mining and Metallurgical Engineers 
American Institute of Electrical Engineers 


al 


American Society of Civil Engineers 
American Society of Mechanical Engineers 


You are invited to use this service, representing over fifty thousand members, to supply your needs 


for all classes of engineers, executives and assistants. 
Kindly be specific regarding requirements, salary, location, nature of work, etc. 
Employers wishing to withhold their identity will be sent records of candidates meeting require- 


ments specified, otherwise, qualified applicants will be sent in person. 
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Classified Advertiser’s Index for Buyers 


Manufacturers and agents for machinery and supplies used in the electrical and allied industries. 
Note: For reference to the advertisements see the Alphabetical List of Advertisers on page 56. 


AIR COMPRESSORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETER, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


ANCHORS, GUY 
Copperweld Steel Co., Glassport, Pa. 


Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 


BATTERY CHARGING APPARATUS 

Electric Specialty Co., Stamford, Conn. 

General Electric Co., Schenectady 

Rochester Electric Products Corp., Roches- 
ter, N. Y. 

Wagner Electric Corp., St. Louis 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


BEARINGS, BALL 


Norma-Hoffmann Bearings Corp., Stamford, 
Conn. 


BOXES, FUSE 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


BOXES, JUNCTION 
G & W Elec. Specialty Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Standard Underground Cable Co., Pittsburgh 


BRUSHES, COMMUTATOR 
Carbon 
Morganite Brush Co., Inc., L. I. City, N. Y. 
National Carbon Co., Inc., Cleveland 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Copper Graphite - 
Morganite Brush Co., Inc., L. I. City, N. Y. 
National Carbon Co., Inc., Cleveland 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BUS BARS, ALUMINUM 
Aluminum Co. of America, Pittsburgh 


BUS BAR FITTINGS 


Burndy Engineering Co., Inc., New York 
Champion Switch Co., Kenova, West Va. 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Memco Engg. & Mfg. Co., L. I. City, N. Y. 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BUSHINGS, PORCELAIN 
Ohio Brass Co., Mansfield, O. 
CABLE ACCESSORIES 
Champion Switch Co., Kenova, West Va. 
Delta Star Electric Co., Chicago 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago 
General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
CABLE RACKS 
Metropolitan Device Corp., Brooklyn, N. Y. 
CABLES 
SEE WIRES AND CABLES 


CABLEWAYS 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


CARRIER CURRENT TELEPHONE EQUIP- 
MENT 


Wireless Specialty Apparatus Co., Boston 


CASTINGS, ALUMINUM 
Aluminum Co. of America, Pittsburgh 


CIRCUIT JBREAKERS 
Air—Enclosed 
Condit Elec. Mfg. Corp., Boston ; 
I-T-E Circuit Breaker Co., The, Philadelphia 
Roller-Smith Co., New York 
Sundh Electric Co., Newark, N. J. 
Oil 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Pacific Electric Mfg. Corp., San Francisco 
Roller-Smith Co., New York ; 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CLAMPS, INSULATOR 


Champion Switch Co., Kenova, West Va. 
Memco Engg. & Mfg. Co., L. I. City, N. Y. 


CLAMPS, GUY & CABLE 
Burndy Engineering Co., Inc., New York 


Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 


COILS, CHOKE 
Burke Electric Co., Erie, Pa. 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Memco Engg. & Mfg. Co., L. I. City, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


COILS, MAGNET 


Acme Wire Co., New Haven, Conn. 

Belden Mfg. Co., Chicago 

Dudlo Mfg. Corp., Ft. Wayne, Ind. 

General Electric Co., Schenectady 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


COMMUTATOR. SEGMENTS AND RINGS 
Mica Insulator Co., New York 


CONDENSATION PRODUCTS 
Bakelite Corporation, New York 


CONDENSERS, COUPLING 
For Carrier Current Telephone 
Wireless Specialty Apparatus Co., Boston 


CONDENSERS, RADIO 
General Radio Co., Cambridge, Mass. 
Sangamo Electric Co., Springfield, Ill. 
Wireless Specialty Apparatus Co., Boston 


CONDENSERS, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONNECTORS, SOLDERLESS 


Champion Switch Co., Kenova, West Va. 

Dossert & Co., New York 

Kearney Corp., Jas. R., St. Louis 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONNECTORS AND TERMINALS 


Belden Mfg. Co., Chicago 

Burke Electric Co., Erie, Pa. 

Burndy Engineering Co., Inc., New York 

Dossert & Co., New York 

G & W Electric Specialty Co., Chicago 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONTACTS, TUNGSTEN 
General Electric Co., Schenectady 


CONTROLLERS 


Electric Controller & Mfg. Co., Cleveland 

General Electric Co., Schenectady 

Sundh Electric Co., Newark, N. J. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONVERTERS—SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


COPPER CLAD WIRE 


Belden Mfg. Co., Chicago ; 
Standard Underground Cable Co., Pittsburgh 


COPPERWELD WIRE 
Copperweld Steel Co., Glassport, Pa. 


CUT-OUTS 
Condit Electrical Mfg. Corp., S. Boston 
General Electric Co., Schenectady 
G & W Electric Specialty Co., Chicago 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Wagner Electric Corp., St. Louis f 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


DIVERTER POLE GENERATORS 
Rochester Electric Products Corp., Roches- 
ter, N. Y. 
DYNAMOS 
(See GENERATORS AND MOTORS) 


DYNAMOTORS 


Burke Electric Co., Erie, Pa. 

Electric Specialty Co., Stamford, Conn. 

Rochester Electric Products Corp., Roches- 
ter, N. Y 


ELECTRIFICATION SUPPLIES, STEAM 
ROAD 


General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, Ohio 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
ENGINEERS, CONSULTING AND CON- 
TRACTING 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 
ENGINES 


Gas & Gasoline 
Allis-Chalmers Mfg. Co., Milwaukee 
Oil 
Allis-Chalmers Mfg. Co., Milwaukee 


Steam 
Allis-Chalmers Mfg. Co., Milwaukee 


EXPERIMENTAL WORK 
Manufacturers’ and Inventors’ Electric Co. 
228 West Broadway, New York 


FANS, MOTOR 
Century Electric Co., St. Louis 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


FIRE EXTINGUISHING APPARATUS 
Walter Kidde & Co., Inc., New York 


FLOW METERS 
General Electric Co., Schenectady 


FURNACES, ELECTRIC 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
FUSES 
Enclosed Refillable 


General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Enclosed Non-Refillable 
General Electric Co., Schenectady 
Open Link 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 
High-Tension 
Delta-Star Electric Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 


FUSE MOUNTINGS 
Champion Switch Co., Kenova, West Va. 
Memco Engg. & Mfg. Co., L. I. City, N. Y. 
FUSE PULLERS 
Kearney Corp., Jas. R., St. Louis 


Is your 
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ALLER 


Throughout nature, alertness is one of the basic 
requirements for existence—in the business world 
it is Giso the sine qua non of progress. 


It has long been the policy of the Kuhlman Elec- 
tric Company to anticipate improvements in 
transformer design and construction, and also 
in service to the electrical industry ... Kuhlman 
Transformers are being used in rapidly increas- 
ing numbers by light and power companies 


Offices: 


Akron, Ohio 
Electric Motor & Repair Co. 
High and Barges Sts. 


Atlanta, Georgia 
E. K. Higginbottom 
1431 Healy Bldg. 


Baltimore, Md. 
Industrial Power Equip. Co. 
421 W. Camden St. 


Boston, Mass. 
Geo. H. Wahn Co. 
69-71 High Street 


Buffalo, N. Y. 
John E. Hoffman 
280 Carolina St. 


Chicago, III. 

John R. Smith 

844 Rush St. 

Cincinnati, Ohio 

S. L. Currier 

833 Union Trust Bldg. 
Cleveland, Ohio 

Public Service Supply Co. 
627 Union Trust Bldg. 


Dallas, Texas 

F. T. Morrissey & Co. 

1408 Allen Bldg. 

Denver, Colo. 

Joy & Cox, Inc. 

314 Tramway Bldg. 
Detroit, Michigan 

Richard P. Johnson 

10-230 General Motors Bidg. 


) 


ee 


MW 


Indianapolis, Indiana 

Scott Jacqua Co., Inc. 

202 Indiana Terminal Whse. 
Lincoln, Neb. 

Enterprise Electric Co. 
1425-35 M. St. 

Los Angeles, Cal. 

Thomas Machinery Co. 

912 E. 3rd St. 


Milwaukee, Wis. 
Wm. H. Fernholz 
1031 Clybourn St. 
Minneapolis, Minn, 
Joseph L. Barnard 
2101 Blaisdell Ave. 


Montreal, Quebec 
W. O. Taylor & Co. 
415 Canada Cement Bldg. 


throughout the couniry. 
KUHLMAN ELECTRIC COMPANY, Bay City, Mich. 


KUHLMAN 
TRANSFORMERS 


New Orleans, La. 

Lyman C. Reed 

1230 Hibernia Bank Bldg. 
New York, N. Y. 

D. F. Potter, jr. 

Graybar Bldg. 

New York (Export) 


Parr Electric Export Corp. 


77 Warren St. 
Omaha, Neb. 

J. H. Nicholson 
6315 N. 33rd St. 
Philadelphia, Pa. 

J. Edward Bolich 
1015 Chestnut St. 
Phoenix, Arizona 
Frank C. Fassett 
15 East Jackson St. 


Pittsburgh, Pa. 
Continental Sales & Eng. Co. 
839 Oliver Bldg. 


San Francisco, Cal. 
C. F. Henderson 
Call Building 


Seattle, Wash. 
Equipment Sales Co. 
514 Lloyd Bldg. 


Toledo, Ohio 
Howard J. Wittman 
319 Spitzer Bldg. 


York, Pa. 
Harry W. Motter 
25 N. Duke St. 
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GEARS, FIBRE 
Fibroc Insulation Co., Valparaiso, Ind. 
General Electric Co., Schenectady 


GENERATORS AND MOTORS 

Allis-Chalmers Mfg. Co., Milwaukee 

Burke Electric Co., Erie, Pa. 

Century Electric Co., St. Louis 

Chandeysson Electric Co., St. Louis 

Electric Specialty Co., Stamford, Conn. 

Electro-Dynamic Co., Bayonne, N. J 

General Electric Co., Schenectady 

Rochester Electric Products Corp., Roches- 
ter, N. Y. 

Wagner Electric Corp., St. Louis 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


GENERATING STATION EQUIPMENT 
Allis-Chalmers Mfg. Co., Milwaukee 
Burke Electric Co., Erie, Pa. 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


GROUND RODS 
Copperweld Steel Co., Glassport, Pa. 


HARDWARE, POLE LINE AND INSULATOR 


Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


HEADLIGHTS 


Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E, Pitts- 
burgh 


HEATERS, INDUSTRIAL 


General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INDICATORS, REMOTE, WATER LEVEL 
Bristol Co., The, Waterbury, Conn. 


INDICATORS, SPEED 


Bristol Co., The, Waterbury, Conn. 
Roller-Smith Co., New York 


INSTRUMENTS, ELECTRICAL 
Graphic 
Bristol Co., The, Waterbury, Conn. 
Cambridge Instrument Co., New York 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady ° 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Indicating 

Bristol Co., The, Waterbury, Conn. 
Cambridge Instrument Co., New York 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Sangamo Electric Co., Springfield, Ill. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 
Weston Elec. Inst. Corp., Newark, N. J. 

Integrating 

Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Sangamo Electric Co., Springfield, II. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Radio 

Cambridge Instrument Co., New York 
General Radio Co., Cambridge, Mass. 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 


Repairing and Testing 
Cambridge Instrument Co., New York 
Electrical Testing Laboratories, New York 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 


Scientific Laboratory, Testing 
Cambridge Instrument Co., New York 
General Electric Co., Schenectady 
Jewell Elec. Instrument Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Weston Elec. Inst. Corp., Newark, N. J. 


INSULATING MATERIALS 


Board 
Acme Wire Co., New Haven, Conn, 
General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 


Cloth 
Acme Wire Company, New Haven, Conn. 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATING MATERIALS—Continued 


Composition 
American Lava Corp., Chattanooga 
Bakelite Corporation, New York 
Belden Mfg. Co., Chicago 
Fibroc Insulation Co., Valparaiso, Ind. 
General Electric Co., Bridgeport, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Com pounds 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Fibre 


Belden Mfg. Co., Chicago 

Fibroc Insulation Co., Valparaiso, Ind. 
General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 


Lava 
American Lava Corp., Chattanooga, Tenn. 


Mica 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Paper 
Acme Wire Company, New Haven, Conn. 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Silk 


Acme Wire Company, New Haven, Conn. 
General Electric Co., Bridgeport, Conn. 
Tape 


Belden Mfg. Co., Chicago 

General Electric Co., Bridgeport, Conn. 

Mica Insulator Co., New York 

Minerallac Electric Co., Chicago 

Okonite Co., The, Passaic, N. J. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Varnishes 


Acme Wire Company, New Haven, Conn. 

General Electric Co., Bridgeport, Conn. 

Mica Insulator Co., New York 

Minerallac Electric Co., Chicago 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, HIGH TENSION 
Composition 
General Electric Co., Schenectady 


Glass 
Hemingray Glass Co., Muncie, Ind. 


Porcelain * 


Canadian Porcelain Co., Ltd., Hamilton, Ont. 

Champion Switch Co., Kenova, West Va. 

General Electric Co., Schenectady 

Lapp Insulator Co., Inc., LeRoy, N. Y. 

Locke Insulator Corp., Baltimore 

Ohio Brass Co., Mansfield, O. 

Thomas & Sons Co., R., Lisbon, O. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Post Type 


Delta-Star Electric Co., Chicago 
Ohio Brass Co., Mansfield, O. 


INSULATORS, TELEPHONE & TELEGRAPH 


Hemingray Glass Co., Muncie, Ind. 
Ohio Brass Co., Mansfield, O. 


INSULATOR PINS 


Ohio Brass Co., Mansfield, O. 
Thomas & Sons Co., R., Lisbon, O. 


LAMP GUARDS 
Matthews Corp., W. N., St. Louis 


LAVA 
American Lava Corp., Chattanooga 


LIGHTNING ARRESTERS 


Delta-Star Electric Co., Chicago 

General Electric Co., Schenectady 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LOCOMOTIVES, ELECTRIC 
General Electric Co, Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
LUBRICANTS 
Texas Co., The, New York 


MAGNETIC SEPARATORS 
Electric Controller & Mfg. Co., Cleveland 


METERS, ELECTRICAL 
(See INSTRUMENTS ELECTRICAL) 


METER SEALS 
Metropolitan Device Corp., Brooklyn, N. Y. 


MICA PRODUCTS 


Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts: 
burgh 


MOLDED INSULATION 


Bakelite Corporation, New York 

Belden Mfg. Co., Chicago 

Burke Electric Co., Erie, Pa. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


MOTORS 
(See GENERATORS AND MOTORS) 


OHMMETERS 


Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Instr. Corp., Newark, N. J. 


OIL SEPARATORS & PURIFIERS 


Sharples Specialty Co., The, Philadelphia 
Westin eaoure Elec. & Mfg. Co., E. Pitts- 
urg! 


PANEL BOARDS 
(See SWITCHBOARDS) 


PATENT ATTORNEYS 


(See PROFESSIONAL ENGINEERING 
DIRECTORY) 


PLATING GENERATORS 
Burke Electric Co., Erie, Pa. 
Chandeysson Elec. Co., St. Louis 
Electric Specialty Co., Stamford, Conn. 
Recuomer Peteie Products Corp., Roches- 
ter, 


PLUGS 


Delta-Star Electric Co., Chicago 

General Electric Co., Schenectady 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


POLE LINE HARDWARE 
Ohio Brass Co., Mansfield, O. 


POTHEADS 


G & W Electric Specialty Co., Chicago 
Ohio Brass Co., Mansfield, O. 
Standard Underground Cable Co., Pittsburgh 


PULLERS, SLACK 
Matthews Corp., W. N., St. Louis 


PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 


RADIO LABORATORY APPARATUS 


General Radio Co., Cambridge, Mass. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RAILWAY SUPPLIES, ELECTRIC 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
REACTORS 


General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 


RECTIFIERS 


General Electric Co., Schenectady 

Wagner Electric Corp., St. Louis 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REELS, PAYOUT AND TAKEUP 
Matthews Corp., W. N., St. Louis 


REGULATORS, VOLTAGE 
Burke Electric Co., Erie, Pa. 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RELAYS 


Condit Elec. Mfg. Corp., Boston 

Electric Controller & Mfg. Co., Cleveland 

General Electric Co., Schenectady 

Roller-Smith Co., New York 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RESISTOR UNITS 


General Electric Co., Schenectady 

International Resistance Co., Philadelphia 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RHEOSTATS 


General Electric Co., Schenectady 

Sundh Electric Co., Newark, N. J. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
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Smaller 


Shank Diameter 


Any Other 
Screw Anchor 


Note difference 
in size of cones 
of earth 


SEE HOW 


the new 
Matthews 
Scrulix Anchors 
set their 
tremendous 
holding power 


50% greater holding power guaranteed! 


Size for size the new Matthews Scrulix Anchors 
can be put down two feet deeper than any other 
screw anchor in the same length of time. The new 
Matthews Wrench permits the men to stand in 
upright comfortable positions during entire in- 
stallation—even when end of rod is down to 
ground level—as the handle can be moved up and 
down the extra long wrench. 


With any other screw anchor the wrench handle 
catches on the ground while the anchor rod is still 
two feet out of the ground—yet the anchor is 
down as far as the wrench can put it unless the 
men dig the ground away or use a ratchet handle; 
it has always been difficult, if not impossible, to 
get them to do this. Compare the size of the cones 
of earth on the two illustrations at the left. The 
extra depth of the new Scrulix is what gives it the 
tremendous holding power. Tests show 100% 
greater—we guarantee 50%. 


In extra hard clay or disintegrated rock drill apilot 
hole with the 381 Matthews Auger. This will make 
installation easy and enable you to get anchorages 
up to strength of the rod at less cost than with any 
other anchor. Ask for circular that tells all. W.N. 
Matthews Corporation, Engineers and Manufac- 
turers 3706 Forest Park Blvd., St. Louis, Mo. 


THE NEW PREHEATED CERTIFIED MALLEABLE 


MATTHEWS 


SCRULIX ANCHORS 


Patents Applied for 
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ROPE, WIRE 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SCREWS 
Drive Hardened Metallic 
Parker-Kalon Corp., New York 
Self-Tapping Hardened 
Parker-Kalon Corp., New York 
Sheet Metal, Hardened Self-Tapping 
Parker-Kalon Corp., New York 


SEARCHLIGHTS 
General Electric Co., Schenectady , 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SLEEVE TWISTERS 
Kearney Corp., Jas. R., St. Louis 


SLEEVES, SPLICING 
Memco Engg. & Mfg. Co., L. I. City, N. Y. 


SOCKETS AND RECEPTACLES 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SOLENOIDS 


Acme Wire Company, New Haven, Conn. 

Belden Mfg. Co., Chicago 

Dudlo Mfg. Co., Ft. Wayne, Ind. 

Electric Controller & Mfg. Co., Cleveland 

General Electric Co., Schenectady 

Roebling’s Sons Co., John A., Trenton, N. J. 

Sundh Electric Co., Newark, N. J. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SPRINGS 
American Steei & Wire Co., Chicago 


STARTERS, MOTORS 


Condit Electrical Mfg. Corp., Boston 

Electric Controller & Mfg. Co., Cleveland 

General Electric Co., Schenectady 

Roller-Smith Co., New York 

Sundh Electric Co., Newark, N. J. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


STOKERS, MECHANICAL 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SUB-STATIONS 


Champion Switch Co., Kenova, West Va. 

Delta-Star Electric Co., Chicago 

General Electric Co., Schenectady 

Memco Engg. & Mfg. Co., L. I. City, N. Y. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHBOARDS 


Allis-Chalmers Mfg. Co., Milwaukee 

Bull Dog Electric Products Co., Detroit 

Condit Electrical Mfg. Corp., Boston 

General Electric Co., Schenectady 

Metropolitan Device Corp., Brooklyn, N. Y. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHES 
Automatic Time 

General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Sundh Electric Co., Newark, N. J. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Disconnecting 

Burke Electric Co., Erie, Pa. 
Champion Switch Co., Kenova, West Va. 
Condit Electrical Mfg. Corp., Boston 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 
Memco Engg. & Mfg. Co., L. I. City, N. Y. 
Pacific Elec. Mfg. Corp., San Francisco 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


Fus 
Bull Dog Electric Prades Co., Detroit 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Knife 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Matthews Corp., W. N., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Oil 

Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Pacific Elec. Mfg. Corp., San Francisco 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Remote Control 

Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Sundh Electric Co., Newark, N. J. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


TELEPHONE CONNECTORS 
Kearney Corp., Jas. R., St. Louis 


TESTING LABORATORIES 
Electrical Testing Labs., New York 


TRANSFORMERS 


Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Duncan Elec. Mfg. Co., Lafayette, Ind. 
Electric Service Co., Cincinnati 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis 
Sangamo Electric Co., Springfield, Ill. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Factory 

American Transformer Co., Newark, N. J. 
Kuhlman Electric Co., Bay. City, Mich. 
Moloney Electric Co., St. Louis 
Wagner Electric Corp. +» St. Louis 


Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Moloney Electric Co., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Metering 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Roller-Smith Co., New York 
Sangamo Electric Co., Springfield, Ill. 


Radio 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 


Street Lighting 
Kuhlman Electric Co., Bay City, Mich. 


TRANSFORMERS, USED 
Electric Service Co., Cincinnati 


TROLLEY LINE MATERIALS 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINES, HYDRAULIC 
Allis-Chalmers Mfg. Co., Milwaukee 


TURBINES, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBO-GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


VALVE CONTROL, ELECTRIC 
Bristol Company, The, Waterbury, Conn. 


VALVES, BRASS 
Gas, Water, Steam 
Ohio Brass Co., Mansfield, O. 


VARNISHES, INSULATING 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WASHERS, LOCK 
Shakeproof Lock Washer Co., Chicago 


WELDING MACHINES, ELECTRIC 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING WIRES & RODS 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
Ohio Brass Co., Mansfield, O. 


WIRES AND CABLES and A.C. S. R. 

Aluminum 

Aluminum Co. of America, Pittsburgh 
Armored Cable 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Perth 
Amboy, N. J. 
Asbestos Covered 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Rockbestos Products Corp., New Haven, 
Conn. 

Rome Wire Company, Rome, N. Y. 


WIRES AND CABLES—Continued 


Automotive 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York . 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Company, Rome, N. Y. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Perth 

Amboy, N. J. 


Bare Copper 
American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Belden Mfg. Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Company; Rome, N. 
Standard Underground Cable Co., Perth 

Amboy, N. J 


Copper Clad 
Belden Mfg. Co., Chicago 
Standard Uader grenade Cable Co., Perth 
Amboy, N. J 


Cop perweld 
Copperweld Steel Co., Glassport, Pa. 


Flexible Cord 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Company, Rome, N. Y. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Perth 

Amboy, N. J. 


Heavy Duly Cord 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
Okonite Company, The. Passaic, N. J. 
Rome Wire Company, Rome, N. Y. 
Simplex Wire & Cable Co., Boston 


Fuse 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Paper and Varnished Cambric 
Insulated) 

American Steel & Wire Co., Chicago 

Anaconda Wire & Cable Co., New York 

General Electric Co., Schenectady 

Kerite Ins. Wire & Cable Co., New York 

Okonite Company, The, Passaic, N. J. 

Okonite-Callender Cable Co., The, Inc., 
Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Rome Wire Company, Rome, N. Y. 

Simplex Wire & Cable Co., Boston 

Standard Underground Cable Co., Perth 
Amboy, N. J. 


Magnet 

Acme Wire Company, New Haven, Conn. 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Belden Mfg. Co., Chicago 
Dudlo Mfg. Corp., Fort Wayne, Ind. 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Company, Rome, N. Ne 
Standard Underground Cable Co., Perth 

Amboy, N. J. 


Rubber Insulated 

American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Company, Rome, N. Y. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Perth 

Amboy, N. J. 


Tree Wire 


Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Trolley 


American Steel & Wire Co., Chicago 

Anaconda Wire & Cable Co., New York 

Copperweld Steel Co., Glassport, Pa. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Rome Wire Company, Rome, N. 

Standard poceane Cable Co., Perth 
Amboy, N. J. 


Weather proof 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Company, Rome, N. Y. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Perth 
Amboy, N. J. 
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TUNE IN 


JANUARY Ist 


OMANCE 


OF ELECTRICAL DEVELOPMENT 


Westinghouse invites you to tune in .. 7:30 p. m., 
Eastern Standard Time, for one of a series of radio 
programs of a new type... a ‘‘Westinghouse Salute’’ 
to Electrical Development, January 1st. Complete 
cast of actor-stars from the legitimate stage ... 
magnificent mixed chorus of 40 voices. . . complete 


symphony orchestra, 50 instruments . . . through 


a coast-to-coast NBC network of 34 stations, includ- 


ing KDKA, WBZ, WBZA and KYW. 


The Studio Cast of a ‘‘Westinghouse Salute’’ 


estinghouse 
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Satisfactory Service 


Under all conditions and in any service 
—that’s the guarantee you get with 
Moloney Quality—it’s the reason 
Moloney Transformers are being used 
more and more by both large and 
small power and light companies 
throughout the country. 


MOLONEY ELECTRIC COMPANY 
Main Office and Factories: ST. LOUIS, MO. 
Sales Offices in Principal Cities 


TRANS FORMERS 
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...with Texaco Algol Oil 


® Lower bearing temperature 


® Lower oil consumption 


® Perfect lubrication 


w No carbon trouble 


® No sticking piston rings 


HESE are the five points which 
lead to the endorsement of Texaco 
Algol Oil for the Fairbanks- Morse Diesel 
Engines in the power plant of one well 
known southeastern utility company. 
The chief engineer of the plant highly 
recommends Texaco Algol Oil for Diesel 
lubrication. Two other oils had been 
tried out. Both were excellent oils 
made especially for the work, but 


Texaco Algol Oil proved so superior 


that it is the one lubricant now used 
exclusively at this installation. 

Texaco Algol Oil is the effective 
lubricant for all Fairbanks-Morse and 
other engines of the Diesel and semi- 
Diesel type. Its high lubricating qual- 
ities and uniformity are recognized 
everywhere—and Texaco Lubrication 
Service is always available to cooperate 
in securing the most effective lubri- 


cating practices. 


mE ACO LUBRICA NAS 


THE TEXAS COMPANY 


Texaco Petroleum Products 


17 Battery Place, New York City 
Offices in Principal Cities 


There is a Texaco Lubricant for every purpose 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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WHERE 


can you get a light 
weight inexpensive 
ladder rig that 
will go on a Ford 
Chassis and do the 
work cheaper and 
better .....@ 


Low first cost and low 
maintenance are out- 
standing investment 
features of the Murray 
PS Light Ladder. 


A pamphlet on this in- 
expensive ladder rig for 
street lighting will be 
mailed upon request. 


27971 


Metropolitan Device Corporation 
1250 Atlantic Ave., Brooklyn, N. Y. 


. \ 
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


OKONITE 


VERY feature of the recently 
completed signaling installa- 


Back of it all is 


tion on the Erie between Mead- 
ville, Pa., and Salamanca, N. Y., 
bears testimony to the extreme 
care used to get perfect results. 
Even the wiring of the cases has 
been done with rare skill and an 
eye to finished appearance. 


Back of the elaborate system of 


interlocking controls for the 106 
mile section was the demand for 
the best possible equipment. 
OKONITE was used exclusively 
for all circuits. 


Xs 


Okonite Products 


OKONITE 
INSULATED 
WIRES AND 

CABLES 
VARNISHED 
CAMBRIC 

CABLES 
OKONITE 
INSULATING 

TAPE 
MANSON & DUNDEE 
FRICTION TAPE 

OKONITE 

CEMENT 
OKOCORD 
OKOLOOM 


Okonile-Callender 
Products 


IMPREGNATED THE OKONITE COMPANY 


PAPER CABLES 


SUPER-TENSION Founded 1878 
SPLICING | THE OKONITE-CALLENDER CABLE COMPANY, INC. 
MATERIALS Factories: Passaic, N. J Paterson, N. J. 


SALES OFFICES: NEW YORK CHICAGO PITTSBURGH _ ST, LOUIS BOSTON ATLANTA 
BIRMINGHAM SAN FRANCISCO LOS ANGELES SEATTLE DALLAS 
Novelty Electric Co., Philadelphia, Pa. F. D. Lawrence Electric Co., Cincinnati, O. 
Canadian Representatives: Engineering Materials, Limited, Montreal 
Cuban Representatives: Victor G. Mendoza Co., Havana 
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OKONITE 
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YOU CAN HAMMER 
THE BELDEN SOFT 
RUBBER PLUG- 
IT WONT BREAK 


BELDEN PRODUCTS 
Beldenamel and Textile 
Magnet Wire 
Coil Wi* dings 


Beldenmold 
(Molded Bakelite Products) 


Automotive Wires and Cables 
Airplane Assemblies 


Radio Wires, Cords 
and Cables 


Rubber Covered Wires 
Armored Cables 
Flexible Armature Wires 
Motor Lead Wires 


Braided and Stranded 
Copper Cables 


Cotton Sleeving 


Belden Soft Rubber Connector on Breuer Portable Blower. 
Use of connector as illustrated eliminates severe wear at point 
where cord leaves appliance. Also provides for convenientstor- 
age of blowerapart{rom cord—a very popular feature with users. 


A Soft Rubber Connector 


As unbreakable as the 


Belden Soft Rubber Plug 


OW manufacturers can forget 
connector problems, too! 


Just as the Belden Soft Rubber 
Plug has solved the plug breakage 
problem, the Belden Soft Rubber 
Connector has made unnecessary 
the complaints, ill will, and costly 
servicing that are caused by broken 
connectors. 


“By adopting the Belden All-Rub- 
ber Extension Link with Soft 
Rubber Connector and Soft Rub- 
ber Plug, we have eliminated 
breakage,” writes A. A. Breuer, of 
‘the Breuer Electric Manufacturing 


Company, Chicago, “thereby saving 
time, money, and inconvenience 
for us and our customers, as well 
as doing away with troublesome 
replacements.” 


These unbreakable Soft Rubber 
Connectors and Soft Rubber Plugs 
can be furnished as a part of the 
Belden Cut Cord Service on cords 
in a variety of sizes and insulations 
(including textile as well as all-rub- 
ber) lengths to your specifications. 


Send cord specifications and sam- 
ple will be furnished. 


Belden Manufacturing Company 


2316-B South Western Ave. 


Chicago, III. 


Se 


